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PREFACE. 


It  lias  been  the  purpose  of  the  Author  in  the  composition 
of  this  work  to  lay  before  the  reader,  in  a  clear  and  concise 
manner,  the  principles  of  astronomy,  developed  and  demon- 
strated in  ordinary  and  popidar  language,  capable  of  being 
imderstood  by  those  who  may  be  possessed  of  an  average 
amoimt  of  general  knowledge.  Perhaps  at  no  time  more  than 
the  present,  when  by  the  influence  of  the  Oxford  and  Cam- 
bridge middle-class  examinations,  the^  education  of  the  youth 
of  the  present  generation  is  receiving  unusual  attention,  has 
the  want  been  more  felt  of  elementary  works  on  the  different 
branches  of  scientific  knowledge,  possessing  sound  and  reliable 
information  expressed  in  language  attractive  to  the  reader. 
The  study  of  such  works  would  prepare  him  for  more  ad- 
vanced treatises  on  the  separate  sciences. 

In  the  present  edition  of  this  work  the -Editor  has  endeavoured 
so  to  arrange  the  various  sections  of  the  science,  as  to  exhibit 
to  the  inquiring  reader  the  various  movements  and  physical 
peculiarities  of  the  different  members  of  the  solar  system,  with- 
out  embarrassing  his  mind  with  mathematical  symbols;  for 
though  symbolical  explanations  may  seem  to  the  advanced 
student  to  be  a  necessary  adjunct  for  the  proper  elucidation  of 
the  different  problems,  yet  it  not  imfrequently  happens  that 
the  reader,  with  less  mathematical  proficiency,  would  altogether 
fail  in  the  study  of  this  science,  were  it  not  for  the  assistance 
afforded  by  popular  and  elementary  works  written  in  a  lan- 
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guage  compreliended  by  all.  To  the  student  of  the  higher  or 
mathematical  branches  of  astronomy,  this  work,  however,  will 
also  be  foimd  interesting  and  instructive,  as  he  will  find 
information  of  the  most  valuable  kind  in  it,  for  much  of  which 
he  may  look  in  vain  in  works  of  higher  pretensions. 

It  is  well  known  that  students  may  pass  through  the 
university  without  acquiring  even  so  much  as  a  superficial 
knowledge  of  geometry  and  algebra.  To  all  such  persons, 
mathematical  treatises  on  astronomy  must  be  sealed  books. 
S]ich  students,  notwithstanding  their  inability  to  imderstand 
works  of  that  kind,  may  acquire  a  considerable  acquaintance 
with  this  science,  by  consulting  the  various  divisions  of 
a  work  like  the  present,  which  though  free  from  the  usual 
symbols  of  mathematical  explanations,  is  founded  on  reasoning 
sufficiently  satisfactory  and  conclusive. 

The  rapid  succession  of  discoveries  by  which  astronomical 
knowledge  has  been  extended  during  the  last  fifi;een  years, 
has  rendered  elementary  works  on  astronomy,  published  pre- 
viously to  1845,  to  a  certain  extent,  obsolete ;  while  the  in- 
creasing taste  for  the  cultivation  of  the  science,  and  the  multi- 
plication of  private  observatories  and  amateur  observers,  have 
created  a  demand  for  treatises,  which  shall  comprise  not  only 
explanations  of  the  movements  of  the  earth  and  the  other 
bodies  of  the  solar  system,  but  also  illustrations  of  the  physical 
appearances  of  the  different  planets,  the  information  on  which 
can  only  otherwise  be  obtained  by  reference  to  the  Transactions 
of  the  various  scientific  societies  of  different  countries,  formed 
for  the  encouragement  of  astronomy  and  the  other  physical 
sciences. 

In  illustration  of  this,  we  have  only  to  refer  the  reader  to 
the  results  which  have  been  obtained  from  the  researches  of 
original  inquirers,  and  from  the  labours  of  observers,  which 
have  been  careftdly  reviewed,  and  from  which  large  selections 
have  been  made,  and  presented  to  the  reader  in  a  popular  and 
instructive  form.    In  cases  where  the  subject  required  graphic 
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illustrations  for  its  better  elucidation,  and  when  such  repre- 
sentations could  be  obtained  from  original  and  authentic 
sources,  they  have  been  unsparingly  supplied. 

As  examples  of  this  we  may  refer  among  the  planetary 
objects  to  the  beautiful  delineations  of  the  Moon  and  Mars 
by  MM.  Beer  and  Madler;  those  of  Jupiter  by  Sir  John 
Herschel  and  M.  Madler ;  and  those  of  Saturn  by  MM.  Dawes 
and  Schmidt :  among  cometary  objects,  to  the  magnificent 
drawings  of  Encke's  comet  by  M!  Struve,  and  to  those  of 
Halley's  comet  by  MM.  Struve,  Maclear,  and  Smyth ;  and 
among  stellar  objects,  to  the  splendid  selection  of  stellar 
clusters  and  nebulae,  which  are  reproduced  from  the  originals 
of  the  Earl  of  Rosse  and  Sir  John  Herschel.  We  also  draw 
attention  to  the  remarkable  drawings  of  solar  spots  by  MM. 
Capocci  and  Pastorff,  delineations  of  which  will  be  found  in 
this  volume. 

To  have  entered  into  the  details  of  the  business  of  an  obser- 
vatory, beyond  those  explanations  which  are  necessary  and 
sufficient  to  give  the  reader  a  general  notion  of  the  processes 
by  which  the  principal  astronomical  data  are  obtained,  would 
not  have  been  compatible  with  the  popular  character  and 
limited  dimensions  of  such  a  treatise  as  the  present. 

It  has,  nevertheless,  been  thought  advisable  to  insert  in  the 
body  of  the  work,  short  notices  of  the  mpst  remarkable  astro- 
nomical instruments,  celebrated  as  examples  of  beauty  of 
construction  combined  with  imusual  stability.  Most  of  these 
instruments,  especially  the  great  equatorial,  recently  erected 
at  the  Royal  Observatory,  Greenwich,  are  magnificent  models 
of  engineering  skill,  and  reflect  honour  on  all  who  may  have 
assisted  in  their  construction.  Well  executed  drawings  of 
most  of  these  astronomical  instruments  will  be  found  inserted 
in*  the  chapter  devoted  to  this  subject,  the  originals  for  some 
of  which  have  been  either  supplied  by  or  made  under  the 
superintendence  of  the  eminent  astronomers  under  whose 
direction  the  instrimients  are  placed. 
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The  progress  of  astronomical  discoverj  has  in  no  section  of 
the  science  diown  greater  activity  than  in  that  treating  of  the 
ntimerous  planets  composing  the  solar  system,  to  which  have 
been  added  smce  the  year  1845,  no  less  than  fiily-eight  of 
those  minute  bodies  whose  orbits,  without  exception,  are  in- 
cluded between  those  of  Mars  and  Jupiter.*  The  reader  will 
find  in  the  chapter  imder  the  name  of  "The  Planetoids," 
information  regarding  the  discovery  of  each  of  these  planets, 
together  with  other  matter  relating  to  them,  the  planets  ap- 
pearing in  the  order  of  their  discoveiy.  The  Editor  is  not 
aware  of  any  work  containing  the  same  amount  of  information 
on  all  the  planetoids,  the  existence  of  which  was  known  at 
the  date  of  passing  the  chapter  through  the  press. 

In  the  body  of  the  work,  chiefly  on  account  of  the  limited 
extent  of  the  volume,  subjects  which  require  some  amount  of 
mathematical  elucidation  are  necessarily  omitted.  Those  of 
our  readers  who  vdsh  to  enter  upon  the  study  of  the  theoretical 
branches  of  the  science,  such  as  the  theory  of  planetary  per- 
turbations, or  the  limar  theory,  i&c,  should  select  those  works 
which  are  specially  prepared  for  students  in  the  universities, 
on  each  of  these  important  subjects.  Our  limits  will  not 
allow  us  to  include  them  without  sacrificing  other  instructive 
matter  which  agrees  more  with  the  objects  and  intentions  of 

*  Since  passing  Chi^>ter  XY.  through  the  press,  four  more  of  these  rninnta 
planets  have  been  discovered;  the  first  @  bj  M.  Goldschmidt,  on  the  9th of 
September,  which  has  received  the  name  of  DanaS ;  tlie  second  @  by  M. 
Chacomac,  on  the  izth  of  September;  and  the  third  (^  by  Mr.  Ferguson, 
on  the  15th  of  September,  i860.  Detailed  aocoimts  of  these  planets  are  in- 
serted on  pp.  472, 473. 

In  addition  to  the  three  preceding  discoveries,  an  object  observed  at  Berlin 
by  MM.  FSrster  and  Lesser  on  several  occasions  between  the  14th  of  Sep- 
tember and  the  loth  of  October,  i860,  in  the  belief  that  it  was  identical  with 
the  planet  recently  fbond  by  M.  Chacomac,  has  been  proved  from  a  com- 
parison of  the  Berlin  observations  with  those  of  Cbacomac's  planet  made  at 
other  observatories,  to  be  in  reality  another  planet  This  object  makes  the 
fourth  addition  to  the  list  of  planetoids  in  the  short  interval  of  six  days,  an 
event  unprecedented  in  the  history  of  planetary  discovery.  The  number  of 
planets  of  this  remarkable  group  is  now  (October  i860)  increased  to  sixty- 
two. 
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this  work.  The  reader  will,  however,  find  inserted  in  the 
concluding  chapter,  fhrther  explanations  on  a  few  questions 
which  in  an  earlier  portion  of  the  work  have  been  partially 
treated  on  in  the  text. 

The  tabular  numbers  representing  the  principal  elements  of 
the  various  members  composing  the  solar  system,  have  been 
selected  from  the  most  recent  authorities.  Those  tables  which 
are  the  result  of  computation,  have  all  xmdergone  rearrange- 
ment and  recalculation,  and  the  separate  numbers  will,  it 
is  hoped,  be  consequently  received  with  some  degree  of 
confidence. 
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NOTE. 


Eeference  is  frequently  made  in  the  text  of  tiiis  volume  to  the 
paragraphs  contained  in  the  "Handbooks  of  Natural  Philosophy/' 
by  Dr.  Lardner^  which  bear  on  the  same  subject  as  that  under 
discussion.  The  name  of  the  work  corresponding  to  each  letter  of 
reference  is  therefore  inserted  below  as  an  assistance  to  the  reader, 
who  will  find  in  these  separate  treatises  several  explanations  of 
subjects  which  tend  to  elucidate  more  clearly  those  given  in  this 
volume. 


The  volume  on  Mechaiocs  is  referred  to  by  the  letter  M. 
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CORRIGENDA. 

Page   33,  line   2,  for  '*  in  the  eastern,*'  read  **  on  the  eastern." 

„      41,  tt    24>    The  following  paragraph  gives  a  AiUer  acconnt  of  the 

constmction  of  the  instrument  than  that  contained  in 
the  text : — 

''51.    Tbe  Oreenwloli  sreat  equatorial.— 

This  instrument,  which  was  completed  in  the  beginning 
of  the  year  1860,  was  erected  from  designs  oy  the 
Astronomer  RoyaL  It  consists  of  a  telescope,  with  an 
object-glass  of  12f  inches  aperture  constructed  by 
Messrs.  Merz  and  Son,  of  Munich,  the  focal  length 
being  about  18  feet  The  iron  castings  and  general 
engineer's  work  were  executed  hy  Messrs.  Ransomes 
and  Sims,  of  Ipswich ;  the  graduations  of  the  hour  and 
declination  circles,  &c.,  and  tiie  optical  portions,  except- 
ing only  the  object>glass,  but  including  the  work  at  the 
eve-end  of  the  telescope,  the  radial  bar  and  bridles,  and 
the  moimting  of  the  object-glass,  were  by  Messrs. 
Troughton  and  Simms,  of  London.  The  English  form 
of  equatorial  mounting  has  been  adopted,  as  l^ing  more 
convenient  in  several  respects  than  the  Grerman  method, 
more  especially  in  an  instrument  of  this  class." 

„  104,  „  29, /or  "  11,992,"  read  « 12,000." 

„  104,  „  30,  ybr  « to  very  nearly,"  read  **  in  round  numbers  to." 

„  147,  „  12, /or  "Plate  XL,"  read  "Plate  XI." 

„  224,  „  24» /or  "Paris,"  read  "MarseiUes." 

„  260,  „      1,  ybr  "  magnitude,"  read  "  magnitudes." 

„     263,  „      4  (from  bottom), /)r  "  It  was  shown annum,"  read 

"  It  was  shown  that  the  nodes  of  the  ring  have  a  direct 
motion  in  longitude  at  the  mean  rate  of  46"'462  per 
annum,  their  retrograde  motion  on  the  ecliptic  in  the 
same  interval  being  less  than  4"." 

„     808,  „    11, /or  "were  "read  "was." 

M     808,  „    18,  for  "As  it  contrasted  in  shape,"  read  "  As  the  form  con- 
trasted." 

n  308,  „  16,  ybr  "this  prominence,"  read  "these  prominences." 

„  809,  „  6  (from  bottom),  for  "  8'  0"  "  read  "  3a  0«." 

„  811,  „  27, /or  "Aquila,"  read  "Aguihir." 

jf  430,  „  4, /or  "^«.  1  and  3,"  read  "^«.  2  and  6." 

„  437,  „  80,  for  **flg8. 1  and  6,"  read  ^Jigt.  2  and  6." 

„  467,   „  30, /or  "orbits,"  read  "orbit." 
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CHAPTER  L 

METHODS  OF  INYESTIOATIOSr  AND  MEANS  OF  OBSERVATION. 

I.  Tbe  solar  sjstein. — The  earth,  which  in  the  economy  of  the 
universe  has  become  the  habitation  of  the  races  of  men,  is  a  ]g'lobular 
mass  of  matter,  and  one  of  an  assemblage  of  bodies  of  like  form 
and  analogous  magnitude  which  revolve  in  paths  nearly  circular 
round  a  common  centre,  in  which  the  eim,  a  globe  having  dimen- 
sions vastly  greater  than  all  the  others,  is  established,  maintaining 
physical  order  among  them  by  his  predominant  attraction,  and 
ministering  to  the  well-being  of  the  tribes  which  inhabit  them  by 
a  fit  and  regulated  supply  of  light  and  heat. 
This  group  of  bodies  is  the  Solab  System. 

2.  Tbe  stellar  universe. — In  the  vast  regions  of  space  which 
surround  this  system  other  bodies  similar  to  the  sun  are  jdaced, 
countless  in  number,  and  most  of  them,  according  to  all  probability, 
superior  in  magnitude  and  splendour  to  that  luminaiy.  With 
these  bodies,  which  seem  to  be  scattered  throughout  the  depths  of 
•immensity  without  any  discoverable  limit,  we  acquire  some'  ac- 
quaintance by  the  mere  powers  of  natural  vision,  aided  by  those  of 
the  imderstanding ;  but  this  knowledge  has  received,  especially  in 
modem  times,  prodigious  extension  from  the  augmented  rang« 
given  to  the  eye  by  the  telescope,  and  by  the  great  advances  which 
have  been  made  in  mathematical  science,  which  may  be  considered 
as  conferring  upon  the  mind  the  same  sort  of  enlarged  power  as  the 
telescope  has  conferred  upon  the  eye. 

3.  Snbjeot  of  astronomj — origrin  of  tbe  name. — The  in* 
vestigation  of  the  magnitudes,  distances,  motions,  local  arrange- 
ments, and,  so  far  as  it  can  be  ascertained,  the  physical  condition 
of  these  great  bodies  composing  the  Uniyeese,  constitutes  the 
•eubject  of  that  branch  of  science  called  Asteonomy,  a  term  derived 
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from  the  Greek  words  acrri/p  (aster),  A  star  (mider  which  all  the 
heavenly  bodies  were  included),  and  vo/joi;  (nomos),  A  law — the 
science  which  expounds  the  laws  which  govern  the  motions  of  the 
Stabs. 

4.  Xt  treats  of  InacoeMlble  objects. — It  is  evident,  therefore, 
that  astronomy  is  distinguished  from  all  other  divisions  of  natural 
science  by  this  peculiarity,  that  the  bodies  which  are  the  subjects 
of  observation  and  inquiry  are  all  of  them  inaccessible.  Even 
the  earth  itself,  which  the  astronomer  regards  as  a  celestial  object 
— an  affTtiPf — is  to  him,  in  a  certain  sense,  even  more  inaccessible 
than  the  others ;  for  the  very  fact  of  his  place  of  observation  being 
confined  strictly  to  its  surface,  an  insignificant  part  of  which  alone 
can  be  observed  by  him  at  any  one  moment,  renders  it  impossible 
for  him  to  examine,  by  direct  observation,  the  earth  as  a  whole, — 
the  only  way  in  which  he  desires  to  consider  it, — and  obliges  him 
to  resort  to  a  variety  of  indirect  expedients  to  acquire  that  know- 
ledge of  its  dimensions,  form,  and  motions  which,  with  regard  to 
other  and  more  distant  objects,  results  from  direct  and  immediate 
observation.  This  circumstance  of  having  to  deal  exclusively  with 
inaccessible  objects  has  obliged  the  astronomer  to  invent  peculiar 
modes  of  reasoning,  and  peculiar  instruments  of  observation,  adapted 
to  the  solution  of  such  problems,  and  to  the  discovery  of  the  neces- 
.saiy  data. 

5.  Blreotlon  and  bearing  of  Tisible  objects. — The  eye  esti-> 
mates  only  the  direction  or  relative  bearings  of  objects  within  the 
range  of  vision,  but  supplies  no  direct  means  of  determining  their 
distances  from  each  other,  or  from  the  eye  itself. 

The  absolute  direction  of  a  visible  object  is  that  of  a  straight  line 
drawn  from  the  eye  to  the  object. 

The  relative  direction  or  bearing  of  an  object  is  determined  by 
the  angle  formed  by  the  absolute  direction  with  some  other  fixed 
or  known  direction,  such  as  that  of  a  line  drawn  to  the  north,  south, 
east,  or  west. 

6.  Tbej  supply  tbe  means  of  ascertainingr  tbe  distances 
and  positions  of  inaccessible  objects. — By  comparing  the  re- 
lative bearings  of  inaccessible  objects,  taken  from  two  or  more 
accessible  points  whose  distance  from  each  other  is  known,  or  can 
be  ascertained  by  actual  measurement,  the  distances  of  such  inac- 
cessible objects  from  the  accessible  objects,  from  the  observer,  and 
from  each  other,  may  be  determined  by  computation.  Such  dis- 
tances being  once  known,  become  the  data  by  which  the  mutual 
distances  of  other  inaccessible  objects  from  the  former,  and  from 
each  other,  may  be  in  like  manner  computed ;  so  that,  by  starting 
in  this  manner  from  two  objects  whose  mutual  distance  can  be 
actually  measured,  we  may  proceed,  by  a  chain  of  computations,  to 
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determine  the  relative  distances  and  positions  of  all  other  objects^ 
however  inaccessible,  that  fall  within  the  range  of  vision. 

7.  Anflrular  maffnitude — its  Importance.  —  It  will  be  appa- 
rent, therefore,  that  ai^oulab  maonitttde  plays  a  most  prominent 
part  in  astronomical  investigations,  and  it  is,  before  all,  necessaiy 
that  the  student  should  be  rendered  familiar  with  it 

8.  BlTlaion  of  tbe  cirele — its  nomenolatnre. — A  circle  is 
divided  into  four  equal  arcs,  called  quadrants,  by  two  diameters 
AA^  and  bb'  intersecting  at  right  angles  at 
the  centre  c,^.  i. 

The  circumference  being  supposed  to  be 
divided  into  360  equal  parts,  each  of 
which  is  called  a  SEaBEE,  a  quadrant  will 
consist  of  90  degrees. 

Angles  are  subdivided  in  the  same  man- 
ner as  the  arcs  which  measure  them,  and 
accordingly  a  right  angle,  such  as  acb, 
being  divided  into  90  equal  angles,  each 
of  these  is  a  degbee.  ^>g-  >• 

If  an  angle  or  arc  of  one  degree  be  di- 
vided into  60  equal  parts,  each  of  these  is  called  a  minute. 

If  an  angle  or  arc  of  one  minute  be  divided  into  60  equal 
parts,  each  such  part  is  called  a  second. 

Angles  less  than  a  second  are  usually  expressed  in  decimal  parts 
of  a  second. 

Degrees,  minutes,  and  seconds  of  Space  are  usually  expressed  by 
the  signs  °, ', '';  thus  23®  30'  4o''*9  means  an  angle  or  arc  which 
measures  23  degrees,  30  minutes,  40  seconds,  and  9  tenths  of  a 
second. 

The  letters  m  and  a  are  generally 'used  to  express  minutes  and 
seconds  of  Time.  Thus,  23**  30*°  40''9,  expresses  an  interval  of 
time  consisting  of  23  hours,  30  minutes,  40  seconds,  and  9  tenths 
of  a  second.  This  symbolical  distinction  in  representing  time  and 
space  is  found  not  only  a  practical  convenience  in  computations 
where  both  must  necessarily  appear,  but  it  is  also  a  means  of  pre- 
venting many  errors  which  may  easily  occur,  when  one  set  of 
symbols  is  used  in  both  cases. 

9.  Metbods  of  ascertaining  tbe  direction  of  a  visible  and 
distant  object. — It  might  appear  an  easy  matter  to  observe  the 
exact  direction  of  any  point  placed  within  the  range  of  vision, 
since  that  direction  must  be  that  of  a  straight  line  passing  directly 
from  the  eye  of  the  observer  to  the  point  to  be  observed.  If  the 
eye  were  supplied  with  the  appendages  necessary  to  record  and 
measure  the  directions  of  visible  objects,  this  would  be  true,  and 
the  organ  of  sight  would  be  in  fact  a  philosophical  instrument.. 
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The  eye  is,  however,  adapted  to  other  and  different  uses,  and  con- 
structed to  play  a  different  part  in  the  animal  economy;  and 
invention  has  been  stimulated  to  supply  expedients,  by  means  of 
which  the  exact  directions  of  visible  distant  points  can  be  ascer- 
tained, observed,  and  compared  one  with  another,  so  as  to  supply 
the  various  data  necessary  in  the  classes  of  problems  connected 
with  astronomy,  some  of  which  we  shall  have  occasion  hereafter 
to  advert  to. 

10.  Vse  of  BlgrlitB. — The  most  simple  expedient  by  which  the 
visual  direction  of  a  distant  point  can  be  determined  is  by  sights, 
which  are  small  holes  or  narrow  slits  made  in  two  thin  opaque 
plates  placed  at  right  angles,  or  nearly  so,  to  the  line  of  vision, 
and  so  arranged,  that  when  the  eye  is  placed  behind  the  posterior 
opening  the  object  of  observation  shall  be  visible  through  the 
anterior  opening.  Every  one  is  rendered  familiar  with  this 
expedient  by  its  application  to  fire-arms  as  a  method  of  ^^  taking 
aim." 

This  contrivance  is,  however,  too  rude  and  susceptible  of  error 
within  too  wide  limits,  to  be  available  for  astronomical  purposes, 
though  occasionally  it  is  used  in  large  instruments  as  an  assistance 
in  setting  for  bright  objects. 

1 1 .  Applieatloii  of  tbe  telescope  to  indicate  tbe  iriaiial 
direction  of  micrometrlp  wires. — The  telescope  (0  501)  sup- 
plies means  of  determining  the  direction  of  the  visual  ray  with  all 
the  necessary  precision. 

If  T  Tt'jfig,  2,  represent  the  tube  of  a  telescope,  T  the  extremity 
in  which  the  object-glass  is  fixed,  and  t^  the  end  where  the  images 
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Fig.  i. 

of  distant  objects  to  which  the  tube  is  directed  are  formed,  the 
visual  direction  of  any  object  will  be  that  of  the  line  9^  c  drawn 
from  the  image  of  such  object  formed  in  the  Jleld  of  vieto  of  the 
telescope  to  the  centre  c  of  the  object-glass,  for  if  this  line  be 
continued  it  will  pass  through  the  object  8. 

But  since  the  field  of  view  of  the  telescope  is  a  circular  space  of 
definite  extent,  within  which  many  objects  in  different  directions 
may  at  the  same  time  be  visible,  some  expedient  is  necessary  by 
which  one  or  more  fixed  points  in  it  may  be  permanently  marked, 
or  by  which  the  entire  field  may  be  spaced  out  as  a  map,  by  the 
lines  of  latitude  and  longitude. 

This  is  accomplished  by  a  system  of  fibres,  or  wires  (m  3  8)  so 
thin  that  even  when  magnified  they  will  appear  like  hairs.    In 


METHODS  OF  INVESTIGATION.  5 

instruments  of  great  precision,  the  web  of  a  peculiar  kind  of 
spider  is  used  for  this  purpose.  These  wires  are  extended  in  a 
frame  fixed  within  the  eye-piece  of  the  telescope,  so  that  they 
appear  when  seen  through  the  eye-glass  like  fine  lines  drawn 
across  the  field  of  view.  They  are  difierently  arranged,  according 
to  the  sort  of  observation  to  which  the  instrument  is  to  be  applied. 

12.  Une  of  oolliinatlon. — In  some  cases  two  wires  intersect 
at  right  angles  at  the  centre  of  the  field  of  view,  dividing  it  into 
quadrants,  as  represented  in  fig,  i .  The  wires  are  so  adjusted  that 
their  point  of  intersection  c  coincides  with  the  axis  of  the  telescopic 
tube  j  and  when  the  instrument  is  so  adjusted  that  the  point  of  ob- 
servation, a  star  for  example,  is  seen  precisely  upon  the  intersection 
c  of  the  wires,  the  line  of  direction,  or  visual  ray  of  that  star,  will 
be  the  line  s^ Cyfig,  2,  joining  the  intersection  Cyfig,  i,  of  the  wires 
with  the  centre  c,fig,  2  of  the  object-glass. 

The  line  /  c,  fig,  2,  is  technically  called  the  line  of  coUimtxtion, 

13.  AppUcatloii  of  the  telescope  to  a  grradnated  instra- 
ment* — The  telescope  thus  prepared  is  attached  to  a  graduated 
instrument  by  which  angular  magnitudes  can  be  observed  and  mea- 
sured.  Such  instrumentt  Tmy  infinitely  in  form,  magnitude,  and 
mode  of  mounting  and  adjustment,  according  to  the  purposes  to 
which  they  are  applied,  and  to  the  degree  of  precision  necessaiy  in 
the  observations  to  be  made  with  them.  To  explain  and  illustrate 
the  general  principles  on  which  they  are  constructed  we  shall  take 
the  example  of  one,  which  consists  of  a  complete  circle  graduated 
in  the  usual  manner,  being  the  most  conmion  form  of  instrument 
used  in  astronomy  for  the  measurement  of  angular  distances. 

Such  an  apparatus  is  represented  in^.  3.  The  circle  A  b  c  D, 
on  which  the  divisions  of  the  graduation  are  accurately  engraved,  is 
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connected  with  its  centre  by  a  series  of  spokes  xy  z.    At  its  centre 
is  a  circular  hole^  in  which  an  axle  is  inserted  so  as  to  turn  smoothly 
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in  it,  aiid  wliile  it  turns  to  be  always  concentric  with  the  circle  A 
BCD.  To  this  axle  the  telescope  a  6  is  attached  in  such  a  man-* 
ner  that  the  ima^ary  line  9^  c,  fig,  2,  which  joins  the  intersection 
of  the  wires,  fig,  i,  with  the  centre  of  the  object-glass,  shall  be 
parallel  to  the  plane  of  the  circle,  and  in  a  plane  passing  through 
its  centre  and  at  right  angles  to  it. 

At  right  angles  to  the  axis  of  the  telescope  are  two  arms,  m  n, 
which  form  one  piece  with  the  tube,  so  that  when  the  tube  is  turned 
with  the  axis  to  which  it  is  attached,  the  arms  m  n  shall  turn  also^ 
always  preserving  their  direction  at  right  angles  to  the  tube. 
Marks  or  indices  are  engraved  upon  the  extremities  m  and  n  of  the 
arms  which  point  to  the  divisions  upon  the  umb  (as  the  divided 
arc  is  called). 

A  clamp  is  provided  on  the  instrument,  by  which  the  telescope, 
being  brought  to  any  desired  position,  can  be  fixed  immovably  in 
that  position,  while  the  observer  examines  the  divisions  upon  the 
limb  to  which  the  indices  m  and  n  are  directed. 

Now  let  us  suppose  that  the  visual  angle  under  the  directions  of 
two  distant  objects  within  the  range  of  vision  is  required  to  be 
measured.  The  circle  being  brought  into  the  plane  of  the  objects, 
and  fixed  in  it,  the  telescope  is  moved  upon  its  axis  imtil  it  is 
directed  to  one  of  the  objects,  so  that  its  image  shall  coincide  exactly 
with  the  intersection  of  the  wires.  The  telescope  is  then  clamped, 
and  the  observer  examines  the  divisions  of  the  divided  limb,  to  which 
one  of  the  indices,  m  for  example,  is  directed.  This  process  is 
called  ^^  reading  oE"  The  clamp  being  disengaged,  the  telescope 
is  then  in  like  manner  directed  to  the  other  object,  and  being 
clamped  as  before,  the  position  of  the  index  is  again  ^^  read  ofil'' 
The  difference  between  the  numbers  which  indicate  the  position  of 
the  same  index  in  both  cases,  will  evidently  be  the  visual  angle 
under  the  directions  of  the  two  objects. 

As  a  means  of  further  accuracy,  both  the  indices  m  and  w  may  be 
"  read  off,"  and  if  the  results  differ,  which  they  always  will  slightly, 
owing  to  various  causes  of  error,  a  mean  of  the  two  may  be  taken. 

It  is  evident  that  the  same  results  would  be  obtained  if,  instead 
of  making  the  telescope  move  upon  the  circle,  it  were  unmovably 
attached  to  it,  and  that  the  circle  itself  turned  upon  its  centre,  as 
a  wheel  does  u]^on  its  axle,  carrying  the  telescope  with  it.  In 
this  case  the  divided  limb  of  the  circle  is  made  to  move  before 
a  fixed  index,  and  the  angle  under  the  directions  of  the  objects 
will  be  measured  by  the  length  of  the  arc  which  passes  before  the 
index. 

Such  a  combination  is  represented  in  section  in  fig,  4,  where  T 
is  the  telescope,  p  the  pieces  by  which  it  is  attached  to  the  circle  A 
B  seen  edgewise,  the  axis  pf  which  B  works  in  a  solid  block  of  metal. 
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lounticg'  InBtrumetits  used 


This  is  tke  most  frequent  method  of  n 
ia  astronomj  for  angular  meaaurement. 

1 4.  Xxpedlento  for  meaBiirlnr  tba  iHMtlon  of  a  dlTlston. — 

It  will  happen  in  general  that  the  indei  will  be  dirocted,  not  to  any 
exact  diTiaion,  but  to  aome  point  intermediate  between  two  divi- 
siooa  of  the  limb.  In  that  caao  espedienta  are  provided  by  which 
the  distance  between  the  index  and  the  last  divinon  which  it  has 
passed,  may  be  ascertained  with  an  extraordinary  degree  of 
precision. 

1 5.  By  >  Tanii«r. — This  may  be  accomplished  by  means  of  a 
supplemental  scale  called  a  Vbknier.    (p  1£9.) 

1 6.  B7  a   oompoiuia  mlorosoope,  and 
ita«rametrlo  aorew. — The  same  object  may, 
howeyer,  be  attained  with  far  greater  1 
racy   by   means   of  a  compound   microscope 
mounted  as  represented  in  ^.  5,  bo  that  the 
observer  looks  at  the  index  through   it. 
system  of  cross  wires  is  placed  in  the  field 
of  Tiow  of  the  microBcope,  and  the  whole  may 
be  so  adjusted  by  the  action  of  a  fine  screw, 
that  &6  index  shall  coincide  precisely  with  ^ 
the  intersection  of  the  wires.     The  screv 
then  turned  until  the  intersection  of  the  emes  Flg.j. 
ia  brought  to  coincide  with  the  ptevious  divi- 
sion of  the  limb ;  and  the  number  of  turns  and  fraction  of  a  turn 
of  the  screw  will  give  the  fraction  of  a  degree  between  the  index 
and  the  previous  division  of  the  limb. 

It  is  necessaiy,  however,  to  ascertain  previously  the  value  of  a 
complete  revolution  of  the  screw.  This  is  easily  done  by  placing  the 
cross-wires  which  are  carried  by  the  micrometric  screw,  on  conse- 
cutjve  divisions  of  the  limb.     Dividing,  then,  the  value  in  arc  be- 
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tween  two  diriaionB;  wHcli  is  always  known,  by  the  number  of  turns 
and  fraction  of  a  turn,  the  arc  which  corresponds  to  one  complete 
revolution  of  the  micrometric  screw,  will  be  foimd. 

17.  Observation  and  measurement  of  minute  aagrles. — 
When  the  points  between  which  the  angular  distance  required  to 
be  ascertained  are  so  dose  together  as  to  be  seen  at  one  and  the 
same  time  within  the  field  of  view  of  the  telescope,  a  method  of 
measurement  is  applicable,  which  admits  of  even  greater  relative  ac- 
curacy than  do  the  methods  of  observing  large  angular  distances. 
This  arises  fix)m  the  fact  that  the  distance  between  such  points  may 
be  determined  by  various  forms  of  micrometric  instruments,  in  which 
fine  wires,  or  lines  of  spider's  web,  are  moved  in  a  direction  per- 
pendicular to  their  length,  so  as  to  pass  successively  through  the 
points  whose  distance  is  to  be  observed. 

1 8.  Tlie  parallel  wire  mierometer. —  One  of  the  forms  of 
micrometric  apparatus  used  for  this  purpose  is  represented  in  trans- 
verse section  in  fig,  6.    This,  which  is  called  tie  parallel  wiee 


rig.  6. 


HiCBOiCETEBy  consists  of  two  sliding  frames,  across  which  the  parallel 
wires  or  threads  c  d  are  stretched.  These  frames  are  both  moved 
in  a  direction  perpendicular  to  that  of  the  wires  by  screws,  con- 
structed with  very  fine  threads^  and  called  fix)m  their  use  miceo- 
METEB-scsEWS.  This  frame  is  placed  in  the  focus  of  the 
object-glass  of  the  telescope,  so  that  the  eye  viewing  the  objects 
under  observation  sees  also  distinctly  the  parallel  and  movable 
wires.  These  wires  are  moved  by  the  screws  imtil  they  pass 
through  the  points,  whose  distance  asunder  is  to  be  measured. 
This  being  accomplished,  one  of  them  is  moved  until  it  coincides 
with  the  other,  and  the  number  of  turns  and  parts  of  a  turn  of  the 
screw  necessary  to  produce  this  motion,  gives  the  angular  distance 
between  the  points  under  observation. 

In  this,  as  in  the  case  explained  in  (16)  it  is  necessaiy  that  the 
angle  corresponding  to  one  complete  revolution  of  the  micrometer- 
screw  be  previously  ascertained;  and  this  is  done  by  a  process 
precisely  similar  to  that  explained  in  the  former  case.    An  object 
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of  known  angular  magnitude^  as,  for  example,  a  foot  rule  at  the 
distance  of  a  hundred  yards,  is  observed,  and  the  number  of  turns 
necessary  to  carry  the  "wire  from  end  to  end  of  its  image  ia  ascer- 
tained. The  angle  such  a  rule  subtends  at  that  distance  being 
divided  by  the  number  of  turns  and  parts  of  a  turn,  the  quotient  is 
the  angle  corresponding  to  one  complete  revolution  of  the  screw. 

1 9.  Measurement  of  tlie  apparent  diameter  of  an  object. — 
When  an  object  is  not  too  great  to  be  included  in  the  field  of  view 
of  the  telescope;  its  apparent  diameter  can  be  measured  by  such  an 
apparatus.  To  accomplish  this^  tbese  screws  are  turned  until  the 
wires  c  and  D^  ^.  6,  are  made  to  touch  opposite  sides  of  the  disk 
of  the  object.  One  of  the  screws  is  then  turned  imtil  the  wires 
coincide,  and  the  number  of  turns  and  parts  of  a  turn  gives  the 
apparent  magnitude. 

20.  Tlie  doable  Imaire  mierometer. — ^The  method  in  general 
practice  in  large  observatories  for  the  measurement  of  apparent 
diameters  of  planets  and  angular  distances  of  binary  stars,  is  by 
means  of  the  Dottble  image  hicboheter.  This  apparatus  con- 
sists of  a  four-glass  eye-piece^  in  which  the  lenses  are  so  arranged, 
that  the  axis  of  the  pendl  of  rays  from  each  point  of  an  observed 
object,  passes  through  the  centre  of  the  lens  which  is  next  to  the 
object-glass.  One  half  of  this  lens  is  fixed^  the  other  is  moved  by 
a  micrometer-screw  witb  a  graduated  head.  The  instrument  is 
furnished  with  a  small  graduated  circle,  by  which  the  angles  of 
position  of  objects  may  be  measured. 

In  the  field  of  view  two  images  are  seen,  one  of  them  being  fixed, 
the  other  movable  by  the  aid  of  the  micrometer-screw.  The 
diameter  of  an  object  is  therefore  found  by  placing  one  edge  of  the 
movable  object  in  coincidence  with  the  edge  of  the  fixed  object, 
and  then  reading  the  divisions  on  the  micrometer-head.  The  screw 
is  then  turned  until  the  movable  image  is  on  the  opposite  side  of 
the  fixed  image  when  they  are  placed  in  coincidence  as  before. 
The  difference  of  the  two  micrometer  readings  is  twice  the  diameter 
of  the  object  in  terms  of  revolutions  of  the  micrometer-screw.  The 
value  of  one  revolution  being  known,  the  angular  measurement  \s 
easily  determined. 
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CHAPTER  ]r. 

ASTRONOMICAL  INSTRUMRMTS,  AND  THEIR  MOPR  OF  USB. 

2 1 .  Xnowledgre  of  tbe  Instruineiits  of  observation  neees- 
r.^-  Before  proceeding  to  explain  the  form  and  density  of  the 
earthy  or  the  general  aspect  of  the  firmament^  and  fixed  lines  and 
points  upon  it^  by  which  the  relative  position  and  motions  of  celes- 
tial objects  ai'e  defined^  it  will  be  necessaiy  to  explain  the  principal 
instruments  with  which  an  observatory  is  furnished^  and  to  show 
the  manner  in  which  they  are  applied^  so  as  to  obtain  those  ac- 
curate data  which  supply  the  basis  of  those  calculations  from  which 
has  resulted  our  knowledge  of  the  great  laws  of  the  universe.  We 
shall  therefore  here  explain  the  form  and  use  of  such  of  the  instru- 
ments of  an  observatory  as  are  indispensably  necessaiy  for  the 
observations  by  which  such  data  are  supplied. 

All  astronomical  observation  is  limited  either  to  ascertain  the 
magnitudes^  forms^  and  appearance  of  celestial  objects^  or  to 
determine  the  places  they  occupy  at  any  given  moment  on  the 
firmament. 

To  attain  the  former  object,  telescopes  are  constructed  with  the 
greatest  practicable  magnifying  and  illuminating  powers,  and  so 
mounted  as  to  enable  the  observer  with  all  the  requisite  facility  to 
present  them  to  those  parts  of  the  heavens  in  which  the  objects  of 
his  observation  are  placed. 

To  attain  the  latter,  it  is  necessary  to  provide  an  apparatus  by 
which  the  direction  of  the  visual  line  of  the  object  of  observation 
relatively  to  some  fixed  line  and  some  fixed  plane  can  be  ascer- 
tained. The  visual  line  being  the  straight  line  drawn  from  the  eye 
of  the  observer  to  the  object,  at  the  moment  of  the  observation,  and 
having,  therefore,  no  material  tangible  or  permanent  existence,  by 
which  it  can  be  submitted  to  measurement,  it  is  necessary  to  con- 
trive some  material  line  with  which  the  visual  line  shall  coincide. 
The  telescope  supplies  an  easy  and  exact  means  of  accomplishing 
this.  When  it  is  directed  so  that  the  object  or  its  centre,  if  it  have 
a  disk,  is  seen  upon  the  intersection  of  the  middle  wires  in  the  eye- 
piece, the  visual  direction  of  the  object  is  the  line  drawn  from  the 
centre  of  the  object-glass  of  the  telescope  to  the  intersection  of  the 
middle  wires. 

Now  the  telescope  bemg  attached  to  a  graduated  circle  is  so 
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placed;  that  the  line  joining  the  centre  of  the  object-glass  with  the 
intersection  of  the  wires  is  parallel  to  a  diameter  of  €he  circle. 
This  diameter  will  therefore  be  the  direction  of  the  visual  line.  K 
the  circle  thus  arranged  be  so  mounted  that  a  line  drawn  from  the 
observer  to  the  fixed  point  of  reference,  whatever  that  point  be, 
shall  be  parallel  also  to  a  diameter  of  the  circle,  and  if  the  circle  be 
so  mounted  that,  however  its  position  may  otherwise  be  changed, 
one  of  its  diameters  shall  always  pass  through  the  fixed  point  of 
reference,  the  angular  distance  of  the  object  of  observation  from  the 
fixed  point  of  reference  will  always  be  equal  to  the  angle  formed 
by  the  two  diameters  of  the  circle,  one  of  which  is  parallel  to  the 
line  joining  the  centre  of  the  object-glass,  with  the  intersection  of 
the  wires  at  the  moment  of  the  observation,  and  the  other  parallel 
to  the  line  drawn  from  the  observer  to  the  fixed  point  of  reference. 

But  this  is  not  yet  enough  to  determine  in  a  definite  manner  the 
position  of  the  object  on  the  heavens.  A  great  many  difierent 
objects  may  have  the  same  angular  distance  from  the  fixed  point  of 
reference.  If  a  plane  be  imagined  to  pass  at  right  angles  to  a  line 
drawn  from  the  observer  to  the  fixed  point  of  reference,  it  will 
intersect  the  celestial  sphere  in  a  certain  circle,  every  point  of  which 
will  obviously  be  at  the  same  angular  distance  from  the  point  of 
reference.  To  render  the  position  of  the  object  of  observation 
determinate,  it  is  therefore  necessary  to  know  the  position  of  the 
plane  of  the  graduated  circle,  with  relation  to  a  circle  whose  plane 
is  at  right  angles  to  that  diameter  of  the  celestial  sphere  which 
passes  through  the  fixed  point  of  reference. 

The  plane  of  the  graduated  circle  may  be  fixed  or  movable.  If 
fixed,  its  position  with  relation  to  the  fixed  point  of  reference  is 
ascertained  once  for  all;  after  which,  the  position  of  the  object  of 
observation  will  be  determined  merely  by  its  angular  distance  from 
the  point  of  reference.  If  movable,  it  is  necessary  to  provide 
another  graduated  circle,  the  plane  of  which  is  perpendicular  to  the 
first,  and  upon  which  some  fixed  direction  is  marked.  The  position 
of  the  plane  of  the  movable  circle,  which  carries  the  telescope, 
with  relation  to  this  latter  fixed  direction,  is  then  ascertained  by 
the  arc  of  the  second  graduated  circle,  which  is  included  between 
the  movable  circle  and  such  ^ed.  direction. 

All  instruments  of  observation  for  determining  the  position  of 
objects  on  the  celestial  sphere  are  constructed  and  mounted  on  one 
or  other  of  these  principles ;  and  they  difier  one  from  another  in 
respect  to  the  point  adopted  as  the  fixed  point  of  reference,  aad  the 
plane  at  right  angles  to  the  diameter  of  the  sphere  passing  through 
that  point  with  relation  to  which  the  position  of  the  circle,  if  it  be 
movable,  is  determined. 

The  fixed  point  of  reference  is,  in  all  cases,  either  the  zenith  or 
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the  pole ;  and  the  plane  of  reference,  consequent];,  either  that  of 
the  honzon  or  the  equator. 

22.  nie  matronomloBl  olook. —  Since  the  immediate  objects  of 
all  astronomical  obseiratioD  are  motioDB  and  magnitudes,  and  eince 
motiatiB  are  measured  by  the  compariaon  of  epace  and  time,  one  of 
the  most  important  instruments  of  observation  ia  the  time-piece  or 
chronometer,  which  is  canatructed  in  various  forms,  according  to 
Uie  circumstances  under  which  it  is  used  and  the  degree  of  accuracy 
necessary  t«  be  obtained.  In  a  stationary  observatory,  a  pendu- 
lum clock  is  the  form  adopted. 

The  rat«  of  the  astronomical  clock  ia  so  regulated  that,  if  any  of 
the  stars  be  observed  which  are  upon  the  celestial  meridian  at  the 
moment  at  which  the  banda  point  to  o"'  O"'  O"',  they  will  again 
point  to  o*"'  o™'  o"  vben  the  same  stars  are  next  seen  on  the  meri- 
dian. The  interval,  which  ie  called  a  sidereal  day,  is  divided  into 
twenty-four  equal  parts,  called  stdeeeai  houbs.  The  houi^hand 
moves  over  one  principal  division  of  it6  dial  in  this  interval  In 
like  manner  &e  KuruTB  and  sbcons-kinsb  move  on  divided 
circles,  each  moving  over  the  successive  divisions  in  the  btervals  of 
a  minut«  and  a  second  respectively. 

The  pendulum  ia  the  original  and  only  real  measure  of  time  in 
this  instrtunent.  The  hands,  the  dials  on  which  they  play,  and  the 
mechanism  which  regulates  and  proportions  their  movements,  are 
only  expedients  for  registering  the  number  of  vibrations  which  the 
pendulum  has  made  in  the  interval  which  elapses  between  any  two 
phenomena.  Apart  &om  this  convenience  a  mere  pendulum  uncon- 
nected with  wheel  work  or  any  other  mechanism,  the  vibrations  of 
which  would  be  counted  and  recorded  by  an  observer  stationed  sear 
it,  would  equally  serve  as  ameasure  of  time. 

And  this,  in  &ct,  is  the  method  actually  used  in  all  exact  astro- 
nomical observations.  The  eye  of  the  observeris  occupied  in  watch- 
ing the  progress  of  the  object  moving  over  the  wires  (ii)  in  the 
field  of  view  of  the  telescope.  His  ear  is  occupied  in  noting,  and 
his  mind  in  counting  the  snccesuve  beats  of 
the  pendulum,  which  in  all  astronomical 
clocks  is  so  constructed  as  to  produce  a  suffi- 
ciently loud  and  distinct  sound,  marking  the 
close  of  each  successive  second.  The  prac- 
tised observer  ia  enabled  with  couuderable 
precjaion  in  this  way  to  subdivide  a  second, 
and  determine  the  moment  of  the  occurrence 
of  a  phenomenon  within  a  small  fraction  of 
that  interval.  A  star,  Ibr  example,  is  seen  to 
the  left  of  the  wire  m  m'  at  t,  fig.  7,  at  one  beat  of  the  pendulum, 
and  t«  the  right  of  it  at  s*  with  the  next.    The  observer  eatim^es 
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with  great  precision  the  proportion  in  which  the  wire  divides  the 
distance  hetween  the  points  s  and  8%  and  can  therefore  determine 
the  fraction  of  a  second  after  heing  at  s,  at  which  it  was  upon  the 
wire  m  m\ 

Although  the  art  of  constructing  chronometers  has  attained  a 
surprising  degree  of  perfection,  it  is  not  perfect,  and  the  bate  of 
even  the  hest  of  such  instruments  is  not  ahsolutely  imiform.  It  is 
therefore  necessary  from  time  to  time  to  check  the  indications  of 
the  clock  by  observing  its  rate.  If  the  clock  were  absolutely 
perfect,  the  pendulum  would  perform  exactly  86,400  vibrations  in 
the  interval  between  two  successive  returns  of  the  same  star  to  the 
meridian.  Now  a  good  astronomical  clock  will  seldom  make  so 
many  as  86,40 1  nor  so  few  as  86,399  vibrations  in  the  interval.  In 
the  one  case  its  rate  would  be  too  fast,  and  in  the  other  too  slow  by 
I  in  86,400.  Even  with  such  an  erroneous  rate  the  error  thrown 
upon  an  observation  of  one  hour  would  not  exceed  the  24th  part  of 
a  second.  K,  however,  the  rate  be  observed,  even  this  error  may 
be  allowed  for,  and  no  other  will  remain  save  the  remote  possibility 
of  a  change  of  rate  since  the  rate  was  last  ascertained. 

23.  Tlie  transit  instrument. — All  the  most  important  astro- 
nomical observations  are  made  at  the  moment  when  the  objects 
observed  are  upon  the  celestial  meridian,  and  in  a  veiy  extensive 
class  of  such  observations  the  sole  purpose  of  the  observer  is  to 
determine  with  precision  the  time  when  the  object  is  brought  to 
the  meridian  by  the  apparent  diurnal  motion  of  the  firmament. 

This  phenomenon  of  passing  the  meridian  is  called  the  transit  ; 
and  an  instrument  mounted  in  such  a  manner  as  to  enable  an 
observer,  supplied  with  a  clock,  to  ascertain  the  exact  time  of  the 

TEANSIT  is  called  a  transit  INSTRtniENT. 

Such  an  instrument  consists  of  a  telescope  so  mounted  that  the 
line  of  coUimation  will  be  successively  directed  to  every  point  of 
the  celestial  meridian  when  the  telescope  is  moved  upon  its  axis 
through  180°. 

This  is  accomplished  by  attaching  the  telescope  to  an  axis  at 
right  angles  to  its  line  of  coUimation,  and  placing  the  extremities 
of  such  axis  on  two  horizontal  supports,  which  are  exactly  at  the 
same  level,  and  in  a  line  directed  east  and  west.  The  line  of 
coUimation  when  horizontal  wiU  therefore  be  directed  north  and 
south ;  and  if  the  telescope  be  turned  on  its  axis  through  1 80°, 
its  line  of  coUimation  wiU  move  in  the  plane  of  the  meridian^ 
and  wiU  be  successively  directed  to  all  points  on  the  celestial  meri- 
dian from  the  north  to  the  pole,  thence  to  the  zenith^  and  thence 
to  the  south. 

The  instrument  thus  mounted  is  represented  in  Jig.  8.  Two 
stone  piers  are  erected  on  a  soHd  foundation  standing  east  and 
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west    In  the  top  of  each  of  them  is  inserted  &  metallic  rapport  in 
the  form  of  a  i  to  receive  the  cjlindrical  extremitieH  of  the  tnuu- 


Terse  btius  a  b  of  the  instrument.  The  tube  of  the  telescope  c  P 
consists  of  two  eqoal  porta  inserted  in  a  central  globe,  forming  part 
of  the  transTereal  axis  As.  ThuB  mounted,  the  telescope  con  be 
made  to  revolTe  like  a  wheel  npon  the  axis  ab,  and  while  it  thus 
levolTes  its  line  of  coUimation  would  he  directed  successiTelj  to 
aU  the  points  of  a  vertical  circle,  the  plane  of  which  is  at  right 
angles  to  the  axis  ab.  If  the  axis  be  exactlj  directed  east  and 
west,  this  vertical  must  be  the  meridian. 

24..  Its  ad]iutments.^This,  however,  supposes  three  condi- 
tdons  to  be  fulfilled  with  absolute  precision ; 
I  at.     The  axis  ab  must  be  level. 

zndlj.    The  line  of  coUimation  must  be  perpendicular  to  it. 
3rdlf.     It  must  he  directed  due  east  and  west 

In  the  original  constmction  and  mounting  of  the  instrument 
these  three  conditions  are  kept  in  view,  and  are  nearly,  but  cannot 
be  exactly,  fulfilled  in  tlie  first  instance.    In  all  as^onomical  in- 
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stnunents  the  conditions  which  they  are  required  to  fulfil  are  only 
approximated  to  in  the  making  and  mounting ;  but  a  class  of  ex- 
pedients called  ADJUSTMENTS  are  in  all  cases  provided,  by  which 
each  of  the  requisite  conditions,  only  nearly  attained  at  first,  are 
fulfilled  with  iiinitely  greater  precision. 

In  all  such  adjustments  two  provisions  are  necessary:  Jirstj  a 
method  of  detecting  and  measuring  the  deviation  from  the  exact 
fulfilment  of  the  requisite  condition ;  and  secondly j  an  expedient  by 
which  such  deviation  can  be  corrected. 

25.  To  make  the  axis  level. — If  the  axis  AB  be  not  truly 
level,  its  deviation  from  this  direction  may  be  ascertained  by  sus- 
pending upon  it  a  spirit  level. 

This  consists  of  a  glass  tube  nearly  filled  with  alcohol  or  ether, 
liquids  selected  for  the  purpose,  in  consequence  of  the  absence  of 
all  viscidity,  their  perfect  mobility,  and  because  they  are  not 
liable  to  congelation.    The  tube  ab,^^.  9,  is  formed  slightly  con- 
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Fig.  9. 

vex,  and  when  it  is  placed  horizontally  with  its  convexity  upwards, 
the  htMle  a  h  produced  by  its  deficient  fulness  will  take  the  high- 
est position,  and  therefore  rest  at  the  centre  of  its  length.  Marks 
are  engraved  on  or  attached  to  the  tube  at  a  and  h  indicating  the 
centre  of  its  length.  The  tube  is  attached  to  a  straight  bar  c  D,  or 
so  mounted  as  to  be  capable  of  being  suspended  from  two  points 
c'  D',  and  is  so  adjusted  tiiat  when  the  lower  surface  of  the  bar  c  d, 
or  the  line  joining  the  two  points  of  suspension  (/d',  is  exactly 
level,  the  bubble  will  rest  exactiy  in  the  centre  of  the  tube  between 
the  marks  a  and  6. 

To  ascertain  whether  a  surface,  or  the  line  joining  two  proposed 
points,  be  level,  the  instrument  is  applied  upon  the  one,  or  sus- 
pended from  the  other.  If  the  bubble  rest  between  the  marks  a 
and  6,  they  are  level ;  if  not,  that  direction  towards  which  it 
deviates  is  the  more  elevated,  and  it  must  be  lowered,  or  the  other 
raised.  The  operation  must  be  repeated  imtil  the  bubble  is  found 
to  rest  between  the  central  marks  a  and  5,  whichever  way  the 
level  be  placed. 
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A  level  is  proTided  for  the  transit  instrument  with  two  loops  of 
suspension  corresponding  with  the  cylindrical  extremities  of  the 
axis  A  'Ajfig,  8;  so  that  its  points  of  suspension  may  rest  on  these 
cylinders.  If  it  be  found  that;  when  the  level  is  properly  sus- 
pended thus  upon  the  axiS;  the  bubble  rests  nearer  to  one  extremity 
than  the  other^  it  will  be  necessary  to  raise  that  end  from  which  it 
is  more  remote^  or  to  lower  that  to  which  it  is  nearer. 

To  accomplish  this^  one  of  the  supports  in  which  the  extremity 
A  of  the  axis  rests  is  constructed  so  as  to  be  moved  through  a  small 
space  vertically  by  a  finely  constructed  screw.  This  support  is 
therefore  raised  or  lowered  by  such  means^  imtil  the  bubble  of  the 
level  rests  between  the  central  marks  a  and  h,  whichever  way  the 
level  be  suspended. 

26.  To  make  fbe  line  of  ^ollimation  perpendieolar  to  tlis 
axis. — It  must  be  remembered^  that  the  line  of  collimation  is  s 
line  drawn  from  the  centre  of  the  object-glass  to  the  middle  wire 
in  the  field  of  view  of  the  telescope.  The  centre  of  the  object- 
glass  is  fixed  relatively  to  the  telescope,  but  the  wires  are  so 
mounted  that  their  position  can  be  moved  through  a  certain  small 
space  by  means  of  a  micrometer-screw.  One  end  of  the  line  of 
collimation,  therefore,  being  movable,  while  the  other  is  fixed,  its 
direction  may  be  changed  at  pleasure  withiu  limits  determined  by 
the  construction  of  the  eye-glass  and  its  micrometer. 

To  ascertain  whether  the  line  of  collimation  is  or  is  not  at  right 
angles  to  the  line  joining  the  points  of  support  A  and  B,^.  8,  let 
any  distant  point  be  observed  which  may  be  bisected  by  the  centre 
wire.  Let  the  instrument  be  then  reversed  upon  its  supports,  the 
end  of  the  axis  which  rested  on  a  being  transferred  to  6,  and  that 
which  rested  on  6  to  a,  and  let  the  same  object  be  observed.  If  it 
still  coincide  with  the  centre  wire,  the  line  of  collimation  is  in  the 
proper  direction  j  but  if  not,  its  distance  from  the  wire  will  be 
twice  the  deviation  of  the  Hne  of  collimation  from  the  perpendicu- 
lar, and  the  wires  must  be  moved  by  the  adjusting  screw,  until 
the  centre  wire  is  moved  towards  the  object  through  half  of  its 
apparent  distance  from  it. 

To  render  this  more  clear,  let  A  b,^.  i  o,  represent  the  direc- 
tion of  the  axis,  c  D  that  of  a  Hne  exactly  at  right  angles  to  it,  or 
the  direction  which  is  to  be  given  to  the  line  of  colHmatioD,  and 
let  CD'  represent  the  erroneous  direction  which  that  line  actually 
has.  Let  s  be  a  distant  object  to  which  it  is  observed  to  be 
directed,  this  object  being  seen  upon  the  centre  wire.  If  the 
instrument  be  reversed,  the  line  cr'  will  have  the  direction  cd", 
deviating  as  much  from  CD  to  the  right  as  it  before  deviated  to  the 
left.  The  object  s  will  now  be  seen  at  a  distance  to  the  left  of  the 
centre  wii*e  which  measures  the  angle  d'cd",  which  is  twice  the 
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angle  DCi/y  or  the  deyiation  of  the  line  of  collimation  firom  the 
perpendicular  d  c. 

27.  To  render  tbe  direetlon  oftl&e  supports  due  east  and 
west. — This  is  in  some  cases  accomplished  by  a  kebidiik  makk^ 
which  is  a  distinct  object^  such  as  a 
white  vertical  line  painted  on  a  g 

black  ground^  erected  at  a  sufficient 
distance  from  the  instrument  in  the  \ 

exact  meridian  of  the  observatoiy.  \ 

K^  on  directing  the  telescope  to  it^  \ 

it  is  seen  on  the  one  side  or  tiie  other  \ 

of  the  middle  wire  (which  ought  to  \ 

coincide  with   the  meridian),  the  \ 

direction  of  the  axis  k.^,fig,  8.^  will  \ 

deviate  to  the  same  extent  from  the  '; 

true  east  and  west,  since  it  has  been  \ 

already,   by  the  previous  adjust*  \ 

ments,    rendered  perpendicular  to  \ 

the  line  of  collimation.    The  entire 
instrument  mnat  therefore  be  shifted  . 

round;  until  the  meridian  mark  co-     ^ c  ^ 

incides  with  the  middle  wire.    This  y\%.  10. 

is  accomplished  by  a  provision  made 

in  the  support  on  which  the  extremity  of  the  axis  B,  fig,  8.,  rests, 

by  which  it  has  a  certain  play  in  the  horizontal  direction  urged  by 

a  fine  screw.    In  this  way  tiie  axis  A  B  is  brought  iuto  the  true 

direction  east  and  west,  and  therefore  the  line  of  collimation  iuto 

the  true  meridian. 

It  will  be  observed  that,  in  explaining  the  second  adjustment,  it 
has  been  assumed  that  the  deviations  are  not  so  great  as  to  throw 
the  object  s  out  of  the  field  of  view  after  the  instrument  is  reversed. 
This  condition  in  practice  is  always  fulfilled,  the  extent  of  deviation 
left  to  be  corrected  by  the  adjustments  being  always  very  smalL 

28.  Mlerometer  wires — metliod  of  observiniT  a  transit. — 
In  the  focus  of  the  eye-piece  of  the  transit  instrument,  the  system 
of  micrometer  wires  (11);  already  mentioned,  is  placed.  This 
consists  commonly  of  5  or  7  equidistant  wires,  placed  vertically  at 
equal  distances,  and  intersected  at  their  middle  points  by  a  hori- 
zontal wire,  as  represented  in  fi>g,  7.  In  instruments  which  are 
adapted  to  the  chronographic  method  of  observing  transits,  the 
number  of  wires  is  considerably  increased.  When  the  instrument 
has  been  adjusted,  the  middle  wire  mmf  will  be  in  the  plane  of  the 
meridian,  and  when  an  object  is  seen  upon  it,  such  object  will  be 
on  the  celestial  meridian,  and  the  wire  itself  may  be  regarded  as  a 
small  arc  of  the  meridian  rendered  visible. 
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The  fixed  stais^  as  will  be  explained  more  fiilly  hereafter;  appear 
in  the  telescope,  no  matter  how  high  its  magnifying  power  be,  as 
mere  lucid  points^  haying  no  sensible  magnitude.  By  the  diurnal 
motion  of  the  firmament,  the  star  passes  successiyelj  oyer  all  the 
wires,  a  short  interyal  being  interposed  between  its  passages.  The 
obseryer,  just  after  the  star  approaching  the  meridian  enters  the 
field  of  yiew,  proceeds  to  count  the  seconds  of  the  clock  by  his  ear. 
He  obseryes,  in  the  manner  already  explained,  to  a  fraction  of  a 
second;  the  instant  at  which  the  star  crosses  each  of  the  wires;  and 
taking  a  mean  of  all  these  times,  he  obtains,  with  a  great  degree 
of  precision,  the  instant  at  which  the  star  passed  the  middle  wire, 
which  is  the  time  of  the  transit.  The  hour  and  minute  indicated 
by  the  clock  is  noted  after  the  obseryation. 

By  this  expedient  the  result  has  the  adyantage  of  as  many  inde- 
pendent obseryations  as  there  are  parallel  wires.  The  errors  of 
obseryation  being  distributed,  are  proportionally  diminished. 

When  the  sun,  moon,  or  a  planet,  or,  in  general,  any  object 
which  has  a  sensible  disk,  is  obseryed,  the  time  of  the  transit  is 
the  instant  at  which  the  centre  of  the  disk  is  upon  the  middle  wire. 

This  is  obtained  by  obserying  the  clock-time  when  the  western 
and  eastern  edges  of  the  disk  come  in  contact  respectiyely  with 
each  of  the  yertical  wires^  Taking  first  a  mean  of  aU  the  obseryed 
clock-times  of  the  transit  of  the  western  edge,  the  time  when  it  is 
on  the  middle  wire  is  found ;  and  in  like  manner,  the  mean  of  all 
the  obseryed  clock-times  of  the  transit  of  the  eastern  edge  will  giye 
the  time  when  that  edge  is  also  on  the  middle  wire ;  the  mean  of 
these  transits  of  the  two  edges,  therefore,  determines  the  clock- 
time  of  the  transit  of  the  centre  of  the  disk  oyer  the  middle  wire, 
or  a  mean  of  all  the  obseryed  dock-times  of  the  transit  of  both 
edges  will  giye  the  same  result. 

By  day  the  wires  are  yisible,  as  fine  black  lines  intersecting  and 
spacing  out  the  field  of  yiew.  At  night  they  are  rendered  yisible 
by  a  lamp,  by  which  the  field  of  yiew  is  faintly  illuminated. 

In  many  obseryatories  transits  are  also  obseryed  by  the  chrono- 
graphic  method,  and  recorded  by  the  aid  of  galyanism  on  a  reyoly- 
ing  cylinder.  In  this  case,  the  clock  is  proyided  with  means 
for  sending  a  galyanic  signal  to  the  recording  apparatus  at  eyery 
yibration.  of  the  pendulum,  causing  a  puncture  to  be  made  on 
the  paper  with  which  the  cylinder  is  coyered.  This  series  of 
punctures  form  one  long  spiral  line,  the  prickers  being  attached  to 
a  trayeUing  frame,  which  is  carried  by  an  imiform-motion  dock, 
which  at  the  same  time  causes  the  cylinder  to  reyolye.  The  office 
of  the  obseryer  is  simply  to  press  an  iyory  key  when  the  star  is 
passing  each  wire  in  the  field  of  yiew ;  this  completes  the  galyanic 
circuit  and  causes  a  puncture  for  eadi  wire  obsenred  to  be  made 
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between  the  series  of  dock  punctures.  It  is  a  matter  of  very  little 
trouble  to  extract  the  exact  second  and  fraction  of  a  second  at 
which  the  separate  observations  were  made. 

The  results  from  this  method  are  considered  more  trustworthy 
than  those  determined  by  ''eye  and  ear."  From  a  mean  of  loi 
transits  observed  at  Greenwich^  it  was  found  that  the  probable 
error  of  one  transit  by  the  chronographic  method  was  0**01 7^  whUe 
by  the  ''eye  and  ear"  it  amounted  to  0**028.  In  another  deter- 
mination on  a  different  principle;  the  excess  in  the  same  direction 
amounted  to  0**014.  Though  this  amount  may  seem  insignificant 
to  the  reader,  nevertheless  it  is  of  considerable  importance  in  con- 
nection with  astronomical  observations.* 

29.  Aroarent  motioa  of  objects  in  tbe  field  of  Tlew. — 
Since  the  telescope  reverses  the  objects  observed^  the  motion  in  the 
field  win  appear  to  be  from  west  to  east;  while  that  of  the  firmament 
is  frcon  east  to  west.  An  obj  ect  will  therefore  enter  the  field  of  view 
on  the  west  sidO;  and;  having  crossed  it;  will  leave  it  on  the  east  side. 

Since  the  sphere  revolves  at  the  rate  of  15^  per  hour;  15^  per 
minutO;  or  1 5'^  per  second  of  timC;  an  object  will  be  seen  to  pass 
across  the  fidd  of  view  with  a  motion  absolutely  uniform;  the  space 
passed  over  between  two  successive  beats  of  the  pendulum  being 
invariably  1 5". 

ThuS;  if  the  moon  or  son  be  in  or  near  the  equator;  the  disk  will 
be  observed  to  pass  across  the  field  with  a  visible  motion;  the  in- 
terval between  the  momdits  of  contact  of  the  western  and  eastern 
edges  vrith  the  middle  wire  being  2^  8*;  when  the  apparent  dia- 
meter is  32^  ThuS;  the  disk  appears  to  move  over  a  space  equal  to 
half  its  own  diameter  in  1^4'. 

30.  Circles  of  deoUnationv  or  bonr  eindes. — Circles  of  the 
celestial  sphere  which  pass  through  the  poles  are  at  right  angles  to 
the  celestial  equator;  and  are  on  the  heavens  exactly  what  meridians 
are  upon  the  terrestrial  globe.  They  divide  the  celestial  equator 
into  arcs  which  measure  the  angles  which  such  circles  form  with 
each  other.  ThuS;  two  such  circles  which  axe  at  right  angles  in- 
clude an  arc  of  90^  of  the  celestial  equator;  and  two  which  form 
with  each  other  an  angle  of  i^  include  between  them  an  arc  of  i^ 
of  the  celestial  equator.  These  cibcles  of  DECLnrATioiT;  or  hoitb 
dBGLES  as  they  are  called;  are  carried  round  by  the  diurnal  motion 
of  the  heavens;  and  are  brought  in  succession  to  coincide  with  the 
celestial  meridian;  the  intervals  between  the  moments  of  their  coin- 
cidence with  the  meridian  being  always  proportional  to  the  an^e 
they  form  with  each  other;  or;  what  is  the  samO;  to  the  arc  of  the 
celestial  equator  included  between  them.    ThuS;  if  two  circles  of 

*  Astron.  Soc,  NoHcesy  Vol.  xz.  p.  86. 
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declination  form  with  each  other  an  angle  of  30^^  the  interval 
between  the  moments  of  their  coincidence  with  tiie  meridian  will 
be  two  sidereal  hours. 

The  relative  position  of  the  circles  of  declination  with  respect  to 
each  other^  and  to  the  meridian;  and  the  successive  positions  as- 
sumed by  any  one  such  circle  during  a  complete  revolution  of  the 
sphere;  will  be  perceived  and  understood  without  difficulty  by  the 
aid  of  a  celestial  globe,  without  which  it  is  scarcely  possible  to 
obtain  any  dear  or  definite  notion  of  the  apparent  motions  of  ce- 
lestial objects. 

31.  Xlfflit  aseension. — The  arc  of  the  celestial  equator  be- 
tween any  circle  of  declination  and  a  certain  point  on  the  equator 
called  the  fibst  point  oe  abtbS;  is  called  the  bioht  ascensioit  of 
all  objects  through  which  the  circle  of  declination  passes.  This  arc 
is  always  understood  to  be  measured  from  the  point  where  the  circle 
of  declbiation  meets  the  celestial  equator  loestward,  that  is;  in  the  di- 
rection of  the  apparent  diurnal  motion  of  the  heavens,  and  it  may  ex- 
tend, therefore,  over  any  part  whatever  of  the  equator  from  o^  to  360®. 

night  ascension  is  expressed  sometimes  according  to  angular 
magnitude,  in  degrees,  minutes,  and  seconds;  but  since^  according, 
to  what  has  been  explained,  these  magnitudes  are  proportional  to 
the  time  they  take  to  pass  over  the  meridian,  right  ascension  is 
more  frequently  expressed  immediately  by  this  time.  Thus,  if  the 
right  ascension  of  an  object  is  1 5**  1 5'  1 5'^,  it  will  be  expressed  also 
by  I**  I"  I". 

In  general,  right  ascension  expressed  in  degrees,  minutes,  and 
seconds  may  be  reduced  to  time  by  dividing  it  by  15 ;  and  if  it  be 
expressed  in  time,  it  may  be  reduced  to  angular  language  by  mul- 
tiplying it  by  1 5. 

llie  difference  of  right  adcensions  of  any  two  objects  may  be  as-' 
certained  by  the  transit  instrument  and  dock,  by  observing  the  in- 
terval which  elapses  between  their  transits  over  the  meridian. 
TMs  interval,  whether  expressed  in  time  or  reduced  to  degrees,  is 
their  difference  of  right  ascension. 

Hence,  if  the  right  ascension  of  any  one  object  be  known,  the 
right  ascension  of  all  others  can  be  found. 

32.  Sidereal  elook  indicates  rigrbt  aseenaion. — ^If  the  hands  of 
the  sidereal  clock  be  set  to  o**  o"  o*  when  the  first  point  of  Aries  is 
on  the  meridian,  they  will  at  all  times  (supposing  the  rate  of  the 
clock  to  be  correct)  indicate  the  right  ascension  of  such  objects  as 
are  on  the  meridian.  For  the  motion  of  the  hands  in  that  case  cor- 
responds exactly  with  the  apparent  motion  of  the  meridian  on  the 
celestial  equator  produced  by  the  diurnal  motion  of  the  heavens. 
While  1 5°  of  the  equator  pass  the  meridian  the  hands  move  through 
I**,  and  other  motions  are  made  in  the  same  proportion. 
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33.  Tbe  ^iir«l  cdroM. — The  trannt  hiBtiuiiient  snd  udereal 
dodc  snpplj  meBDB  of  determiniiig  with  extirane  precisioa  the  in- 
stant at  which  an  object  passes  the  meridiau;  but  the  instnunent 
is  not  provided  with  anj  accarata  meana  of  indicating  the  point  at 
which  the  object  is  seen  on  the  meridian.  A'  circle  ia  sometimes, 
it  is  tmSj  attached  to  the  tran^t  hj  which  the  position  of  this  point 
tOAj  be  longhlj  obaerred;  but  to  ascertain  it  with  a  precision  pro- 
poitionata  to  that  with  whitdi  the  transit  instrument  determinea 
the  right  asceneiona,  reqnirea  an  inatnunent  constructed  and 
mounted  for  thia  express  objectin  amanner,  and  under  conditions, 
altogether  diffiient  fiom  those  hj  which  the  transit  instrument  ia 
rogulated-  The  form  of  instrument  adopted  in  the  moat  efficiently 
Aixnishod  observatories  for  this  purpose  is  the  ifUSAL  circlb. 

Thia  ineti'ament  is  a  graduated  circle,  similar  in  form  and  prin- 
ciple to  the  instmment  deaciibed  iu(i5).  It  ia  centred  upon  an  axis 
eatabliahed  in  the  face  of  a  stone  pier  or  woA  (hence  the  name)  erected 
in  the  plane  of  the  meridian.  The  axis,  like  that  of  a  transit  in- 
atmm^it,  ia  truly  horizontal,  and  directed  due  east  and  west. 
Being  bj  the  conditionB  on  which  it  is  first  conBtnict«d  and 
mounted,  Mry  naor^  in  this  position,  it  ia  rendered  exactiy  ao  by 
two  adjustments,  one  of  which  moves  the  axia  verticallj,  and  the 
other  horizontally,  by  means  of  screws,  through  spaces  which, 
though  small,  are  atill  laige  enough  to  enable  the  observer  to  cor- 
rect the  sli^t  eiTors  of  position  incidental  to  the  workmanahip  and 
mountiiig. 

The  instrument^  aa  mounted 
and  adjusted,  is  represented  in 
peiapective  io^-  11,  where  k. 
is  the  atone  wall  to  which  the 
instrument  is  attached,  d  the  cen- 
tral axis  on  which  it  toms;  and 
F  »  the  telescope,  which  does 
not  move  upon  die  circle,  but  ia 
immovably  attached  to  it^  so 
that  the  entire  instrument,  in- 
dading  the  telescope,  turns  in 
the  plane  of  the  meridian  upon 
the  axis  D. 

A  front  view  of  the  drde  in 
the  plane  of  the  instroment  is 
given  in  j«sr.  II. 

The    ^sduation    ia   usually  Ftg.ii. 

made  on  the  edge,  and  not  on 

the  face  limb.    The  hoop  of  metal  thus  engraved  forms,  therefore, 
vhat  m^  be  called  the  tire  of  the  wheel, 
o  } 


tz 
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A  trougli  0,  containing  mercurj^  is  placed  on  the  floor  in  a  c<m- 
yenient  position  in  the  plane  of  the  instrument;  on  the  sor&oe  of 


Fig.  XI. 

which  are  seen,  by  reflection,  the  objects  as  they  pass  oyer  the 
meridian.  The  observer  is  thus  enabled  to  ascertain  the  directions^ 
as  well  of  the  images  of  the  objects  reflected  on  the  mercurj,  as 
of  the  objects  themselves,  the  advantage  of  which  will  presently 
appear. 

Convenient  ladders,  chairs,  and  couches,  capable  of  being  adjusted 
by  racks  and  other  mechanical  arrangements,  at  any  desired  incli- 
nation^ enable  the  observer,  with  the  utmost  ease  and  comfort^  to 
apply  his  eye  to  the  telescope,  no  matter  what  be  its  direction. 

In  the  Greenwich  observatory,  the  mural  circles  formerly  in  use 
were  six  feet  in  diameter,  and  consequently  about  226  inches  in 
circumference.  Each  degree  upon  the  circumference  measuring, 
therefore,  above  six-tenths  of  an  inch,  admits  of  extremely  minute 
subdivision. 

The  divisions  on  the  graduated  edge  of  the  instrument  are  num- 
bered as  usual  from  o®  to  3  60®  round  the  entire  circle.  The  position 
which  the  direction  of  the  line  of  collimation  of  the  telescope  has 
with  relation  to  the  0°  of  the  limb  is  indifferent.  Nothing  ia 
necessary  except  that  this  line,  in  moving  round  the  axis  D  of  the 
instrument,  shall  remain  constantly  in  the  plane  of  the  meridian. 
This  condition  being  fulfilled,  it  is  evident  that,  as  the  circle 
revolves,  the  line  of  collimation  will  be  successively  directed  to 
every  point  of  the  meridian  when  presented  upwards,  and  to  every 
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point  of  its  reflected  image  on  the  mercuij  when  presented  down- 
wards. 

34.  Metboa  of  observlngr  wltli  it. — The  position  of  the  instru- 
ment when  directed  saccessively  to  two  objects  on  tlie  meridian^  or 
to  their  images  reflected  on  the  mercury^  being  observed^  the  angular 
distance;  or  the  arc  of  the  meridian  between  them^  will  be  found 
by  ascertaining  the  arc  of  the  graduated  limb  of  the  instrument, 
which  passes  before  any  fixed  point  or  index^  when  the  telescope  is 
turned  firom  the  direction  of  the  one  object  to  the  direction  of  the 
other. 

3  5  •  Compound  mieroseopos — tbeir  number  and  use. — This 
arc  is  observed  by  a  compound  microscope  (16),  attached  to  the 
wall  or  pier^  and  directed  towards  the  graduated  limb.  The 
manner  in  which  the  firaction  of  a  division  of  the  limb  is  observed 
by  this  expedient  has  been  already  explained.  But  to  give  greater 
precision  to  the  observation^  as  well  as  to  eflace  the  errors 
which  might  arise,  either  from  defective  centreing,  or  from  the 
small  derangement  of  figure  that  might  arise  from  the  flexure  pro- 
duced by  the  weight  of  the  instrument,  several  compound  micro- 
scopes— generally  six — are  provided  at  equal  distances  around 
the  limb,  so  that  the  observer  is  enabled  to  note  the  position 
of  six  indices.  The  six  arcs  of  the  limb  which  pass  under  thom 
being  observed,  are  equivalent  to  six  independent  observations,  the 
mean  of  which  being  taken,  the  errors  incidental  to  them  are 
reduced  in  proportion  to  their  number. 

36.  Circle  primarily  a  differential  instrument. — ^The  obser- 
vations, however,  thus  taken  are,  strictly  speaking,  only  differential. 
The  arc  of  the  meridian  between  the  two  objects  is  determined, 
and  this  arc  is  the  difference  of  their  meridional  distances  from  the 
zenith  or  from  the  horizon ;  but  unless  the  positions  which  the  six 
indices  have,  when  the  line  of  collimation  is  directed  to  the  zenith 
or  horizon,  be  known,  no  positive  result  arises  from  the  observations ; 
nor  can  the  absolute  distance  of  any  object,  either  from  the  horizon 
or  the  zenith,  be  ascertained. 

37.  Method  of  aseertainingr  tbe  borisontal  point. — The 
'^  reading,"  as  it  is  technically  called,  at  each  of  the  microscopes,  in 
any  proposed  position  of  the  instrument,  is  the  distance  of  that 
microscope  from  the  zero  point  of  the  limb.  Now  it  is  evident  that 
half  the  eara  of  the  two  readings  at  any  microscope,  when  the 
telescope  is  successively  directed  to  an  object  and  its  image  on  the 
mercury,  will  be  the  reading  at  the  same  microscope  when  the  line 
of  collimation  is  horizontal. 

38.  Method  of  observingr  altitudes  and  xenith  distances. — 
The  mean  of  the  readings  of  all  the  microscopes,  when  the  telescope 
is  directed  to  the  horizon,  known  as  the  horizontdl  pointy  being  thus 
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detennined^  forms  a  necessaiy  datum  in  all  observations  of  the 
altitudes  or  zenith  distances  of  objects.  To  determine  the  altitude 
of  an  object^  the  telescope  must  be  directed  to  it^  so  that  it  shall  be 
seen  nearly  bisected  by  the  horizontal  wire,  near  the  centre  of 
the  field  of  view ;  then  by  means  of  a  slow  motion  tangent-screw  it 
is  brought  on  to  the  wire  and  eiactiy  bisected  by  it,  the  instrument 
being  fixed  by  a  damp.  The  six  microscopes  are  then  read^  a  mean 
of  which  is  taken  to  obtain  a  circle  reading  free  from  any  error  due 
to  excentricity  of  the  circle.  The  reading  when  the  telescope  is 
horizontal  being  known,  the  difierence  between  these  two  readings 
gives  the  altitude. 

The  altitude  of  an  object  being  determined,  its  zenith  distance 
may  be  found  by  subtracting  the  altitude  from  90^. 

39.  Method  of  determining  tl&e  position  of  tl&e  pole  and 
equator. — ^The  mural  circle  may  be  regarded  as  the  celestial 
meridian  reduced  in  scale,  and  brought  immediately  under  the  hands 
of  the  observer,  so  that  all  distances  upon  it  may  be  submitted  to 
exact  examination  and  measurement.  Besides  the  zenith  and  hori- 
zon, the  positions  of  which,  in  relation  to  the  microscopes,  have  just 
been  ascertained,  there  are  two  other  points  of  equal  importance,  the 
pole  and  the  equator,  which  should  also  be  established. 

The  stars  which  are  so  near  the  celestial  pole  that  they  never  set, 
are  carried  by  the  diurnal  motion  of  the  heavens  round  the  pole  in 
small  circles,  ci'ossing  the  visible  meridian  twice,  once  above  and 
once  below  the  pole.  Of  all  the  circumpolar  stars,  the  most  im- 
portant and  the  most  useful  to  the  observer  is  the  pole  star,  both 
because  of  its  close  proximity  to  the  pole,  from  which  its  distance 
is  only  I  ^^,  and  because  its  magnitude  is  sufficiently  great  to  be 
visible  with  the  telescope  in  the  day.  This  star,  then,  crosses  the 
meridian  above  the  pole  and  below  it,  at  intervals  of  twelve  hours 
sidereal  time,  and  the  true  position  of  the  pole  is  exactly  midway 
between  the  two  points  where  the  star  thus  crosses  the  meridian. 

If,  therefore,  the  readings  of  the  six  microscopes  be  taken  when 
the  pole  star  makes  its  transit  above  and  below  the  pole,  their 
readmgs  for  the  pole  itself  will  be  half  the  sum  of  the  former  for 
each  microscope. 

The  readings  for  the  pole  being  determined,  those  which  corre- 
spond to  the  point  where  the  celestial  equator  crosses  the  meridian 
may  be  found  by  subtracting  the  former  from  90°. 

When  the  positions  of  the  microscopes  in  relation  to  the  pole  and 
eqiuitor  are  determined,  the  latitude  of  the  observatory  will  be 
known,  since  it  is  equal  to  the  altitude  of  the  celestial  pole. 

40.  All  oiroles  of  declination  represented  by  tl&e  oirole. — 
Since  the  circles  of  declination,  which  are  imagined  to  surround  the 
heavens,  are  brought  by  the  diurnal  motion  in  succession  to  coincide 
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with  the  celestial  meridian  (30)^  and  since  that  meridian  is  itself 
represented  by  the  mural  circle^  that  circle  may  be  considered  as  pre- 
senting successively  a  model  of  every  circle  of  declination ;  and  the 
position  of  any  object  upon  the  circle  of  declination  is  represented 
on  the  mural  circle  by  ike  position  of  the  telescope  when  directed 
to  the  point  of  the  meridian  at  which  the  object  crosses  it 

If  the  object  have  a  fixed  position  on  the  ^mament^  it  is  evident 
that  it  will  always  pass  the  meridian  at  the  same  point ;  and  if  the 
telescope  be  directed  to  that  point  and  maintained  there,  the  object 
will  be  seen  at  the  intersection  of  the  wires  regularly  after  intervals 
of  twenty-four  hoign  sidereal  time. 

41.  Beelliiatlon  and  polar  diitanee  of  an  object. — The 
distance  of  an  object  from  the  celestial  equator^  measured  upon  the 
circle  of  declination  which  passes  through  it;  is  called  its  declina- 
Tioisr,  and  is  nobth  or  souih^  according  to  the  side  of  the  equator 
at  which  the  object  is  placed. 

The  declination  of  an  object  is  ascertained  with  the  mural  circle 
in  the  same  manner  and  by  the  same  observation  as  that  which  gives 
its  altitude.  The  readings  of  the  microscopes  for  the  object  being 
compared  with  their  readings  for  the  pole  (3 9)^  give  the  polar 
distance  of  the  object;  and  the  difference  between  the  polar 
distances  and  90°  gives  the  declination. 

Thus  the  polar  distance  and  declination  of  an  object  are  to  the 
equator  exactiy  what  its  altitude  and  zenith  distance  are  to  the 
horizon.  But  since  the  equator  maintains  always  the  same  posi- 
tion during  the  diurnal  motion  of  the  heavens^  the  declination  and 
polar  distance  of  an  object  are  not  affected  by  that  motion^  and 
remain  the  same,  while  the  altitude  and  zenith  distances  are  con- 
stantiy  changing. 

42.  Position  of  an  object  defined  by  its  declination  and 
rigrlit  ascension. — ^^The  position  of  an  object  on  the  firmament  is 
determined  by  its  declination  and  right  ascension.  Its  declination 
expresses  its  distance  north  or  south  of  the  celestial  equator^  and 
its  right  ascension  expresses  the  distance  of  the  circle  of  declina- 
tion upon  which  it  is  placed  from  a  certain  defined  point  upon  the 
celestial  equator. 

It  is  evident;  therefore,  that  declination  and  right  ascension  define 
the  position  of  celestial  objects  in  exactiy  the  same  manner  as 
latitude  and  longitude  define  the  position  of  places  on  the  earth. 
A  place  upon  the  globe  may  be  regarded  as  being  projected  on  the 
heavens  into  the  point  which  forms  its  zenith ;  and  hence  it  appears 
that  the  latitude  of  the  place  is  identical  with  the  declination  of  its 
zenith. 

43.  Sqnatorial  instrument.  —  The  exact  direction  of  the  axis 
of  the  celestial  sphere  being  ascertained,  it  is  possible  to  construct 
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an  apparatoB  which  shall  be  capable  of  rerolving  upon  a  fixed  aidi^ 
the  direction  of  which  ahall  coincide  with  that  of  the  aphere;  ao 
that  if  a  telescope  were  fixed  in  the  direction  of  this  axis,  its  Hne  of 
collimation  would  exactiy  point  to  the  celestial  pole. 

Upon  this  axiS;  thus  directed  and  fixed;  suppose  a  telescope  to  be 
so  mounted  that  it  may  be  placed  with  its  line  of  collimation  at  any 
desired  angle  with  the  axis^  and  let  a  properly  graduated  arc  be  pro- 
yided;  by  which  the  magnitude  of  this  angle  may  be  measured  with 
all  practicable  precision. 

Thus,  let  A  Af,  Jig,  1 3,  represent  the  direction  of  the  axis  an 
which  the  instrument  is  made  to  reTolve.    The  line  A  hf,  if  oon- 


Fig.  ij. 

tinned  to  the  firmament^  would  pass  through  the  pole  p.  Let  c  0 
represent  the  line  of  collimation  of  a  telescope^  so  attached  to  the 
axis  at  c  that  it  may  be  placed  at  any  desired  angle  with  it  \  which 
may  be  accomplished  by  placing  a  joint  at  c  on  which  the  telescope 
can  turn.  Let  ii'oy^  be  a  graduated  arc^  to  which  the  telescope  is 
attached  at  o^  and  which  turns  with  the  telescope  round  the  axis 
A  a'.    When  the  telescope,  being  fixed  at  any  proposed  angle  oca' 
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a? 


with  the  aziB,  is  turned  lomid  A.V,  tlie  line  of  ccdIimatioD  describes 
a  cone  of  which  c  is  the  Tertex  Mid  oa'  the  axis,  and  the  extretnity 
o  deecribee  an  arc  oo'of  a  orcleBt  a  distance  from  n'  measured  bj 
the  angle  ooa'. 

If  the  line  of  collimationcoor  co' be  imagined  to  be  continued 
to  the  heavens,  it  will  describe,  as  the  telescope  rerolres,  a  cirde 
Of/  on  the  fiimsment  corresponding  to  the  drole  o  o',  and  at  the 
same  angular  distaiice  op,  dp  from  the  celestial  polep,  as  the  end 
o  or  o'  of  the  line  of  coUimation  of  the  telescope  is  from  K'  or  A'. 
In  short,  the  angleocK'pquaUymeasureslhe  two aici^tiie  celestial 
Ktc  0  p  and  the  iustrnmental  arc  o  k'. 

The  instnunrait  thus  described  in  its  principle  is  one  of  most  ex- 
tensive utility  in  obserTatories,  and  is  called  an  Eqttatobui. 

In  its  practical  constniction  it  is  verj  Tariooaly  moimted,  and  is 
generallj  acted  open  hy  clock-work,  which  imparts  to  it  a  motion 
round  the  axis  a  a',  coneqKmding  with  the  rotiUion  of  the  celestial 

One  of  the  niaoj  me<dianical  ammgemraits  by  whidi  this  maybe 
efibcted  is  represented  in^.  14,  as  given  by  the  Astronomer  B^^al, 
in  his  ledntes  d^vered  at  the  Ipswich  Mnienm. 


The  insteomentis  snpportodnpon  pivots,  so  that  its  ans  A.V  ttall 
coincide  exactly  with  tiie  direction  of  the  cdestial  axis.  The  tele* 
scope  OD  tums  upon  a  joint  at  the  oentre,  so  that  different  directions 
such  as  0'  i/,  c"  d",  may  be  given  to  it.  The  motion  npim  its  axis  is 
imparted  to  it  by  wheel-work  x'LX,  impelled  by  clockwoi^  as 
already  mentioned. 

Having  explained  the  general  consteidion  of  the  principal  in- 
Btnunents  used  in  asliononucal  obaervaticais,  wo  will  now  devote 
the  nmoinder  of  this  chapter  to  a  descripti<a)  of  a  few  celebrated 
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instruments  of  each  class^  which  are  remarkable  for  their  stability 
and  magnitude. 

44.  Sir  IIT.  Benohers  ftonj-fleet  i^fleetor.— This  instru- 
ment^ which  is  memorable  as  the  first  ever  constructed  upon  a 
scale  of  such  stupendous  magnitude^  and  still  more  so  for  the  vast 
discoveries  made  with  it  by  its  illustrious  inventor  and  constructor, 
is  represented  in  Kate  II.  It  is  not  necesflazy  to  give  a  detailed 
account  of  this  celebrated  instrument,  as  it  has  been  dismantled 
since  the  removal  of  Sir  John  Herschel  ftom  Sloughy  and  has  not 
been  remounted.  The  total  length  of  the  telescope  tube  was  3  9  ft. 
4  in.  and  its  dear  diameter  4  ft.  i  o  in.,  the  diameter  of  the  speculum 
being  4  ft.,  with  a  reflecting  surface  of  1 2 '566  square  feet 

45.  TiM  Boasa  tetoaoop^** — The  lesser  instrument,  with  its 
mounting,  is  repieaented  in  Plate  IIL  The  speculum  is  3  feet 
aperture,.and  7*068  square  feet  reflecting  surface.  The  length  of 
the  telescope  is  27  fBot  It  is  erected  upon  the  pleasure  grounds  at 
Parsonstown  Castle,  the  seat  of  its  illustrious  constructor.  The 
weight  of  metal  in  the  speculum  is  about  1 3  cwt. 

But  the  most  stupendous  instrument  of  celestial  investigation, 
and  by  far  the  largest  and  most  powerful  ever  constructed,  is  re- 
presented in  Plates  IV.  and  V.  from  drawings  made  for  this  work 
under  the  superintendence  of  his  Lordship  himself.  Plate  IV. 
presents  a  south,  and  Plate  V.  a  north  view  of  the  instrument. 

The  dear  aperture  is  6  ft.,  and  consequently  the  magnitude  of 
the  reflecting  surface  is  28*274  square  feet,  being  greater  than  that 
of  Herschel's  great  telescope  in  the  ratio  of  7  to  3. 

The  instrument  is  at  present  used  as  a  Newtonian  telescope 
(0  504),  that  is  to  say,  ^e  rays  proceeding  along  the  axis  of  the 
great  speculum  are  received  at  an  angle  of  45^  upon  a  second  small 
speculum,  by  which  the  focus  is  thrown  towaixls  the  side  of  the 
tube  where  the  eye-piece  is  directed  upon  them.  Provision  is, 
however^  made  to  use  the  instrument  also  as  a  Herschelian  tele- 
scope. 

The  great  tube  is  supported  at  the  lower  end  upon  a  massive 
universsd  joint  of  cast-iron,  resting  on  a  pier  of  stone-work  buried 
in  the  ground,  and  is  so  counterpoised  as  to  be  moved  with  great 
ease  in  declination.  In  all  such  instruments,  when  it  is  required 
to  direct  them  to  an  object,  they  are  first  brought  to  the  desired 
direction  by  some  expedient  capable  of  moving  them  more  rapidly, 
and  they  are  afterwards  brought  exactly  upon  the  object  by  a  slower 
and  more  delicate  motion.  In  this  case,  the  quick  motion  is  given 
by  a  windlass,  worked  upon  the  ground  by  an  assistant  at  the  com- 
mand of  the  observer.  The  slow  motion  is  imparted  by  a  mechan- 
ism placed  under  the  hand  of  the  observer. 

The  extreme  range  of  the  telescope  in  right  ascension,  when  di- 
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zected  to  the  equator,  is  i  hour  in  time,  or  15^  in  space ;  but 
when  directed  to  higher  declinations,  its  range  is  more  extensive. 

The  tube  is  slung  entirely  by  chains,  and  is  perfectly  steady,  even 
in  a  gale  of  wind. 

Wheaa.  presented  to  the  south,  the  tube  can  be  lowered  until  it 
is  nearly  horizontal ;  towards  the  north,  it  can  only  be  depressed  to 
the  altitude  of  the  pole.  The  apparatus  of  suspension  is  so  arranged 
that  the  instrument  may  be  wo^ed  as  an  equatorial,  and  it  is  even 
intended  to  apply  a  doc^-work  mechanism  to  it. 

The  horizontal  axis  of  the  great  universal  joint,  by  which  the 
lower  end  is  supported,  carries  an  index  pointing  to  polar  distance, 
and  playing  on  a  graduated  arc  of  6  feet  radius.  By  this  means,  the 
telescope  is  easily  set  in  polar  distance.  The  same  object  is  also 
attained,  and  witik  greater  precision,  by  a  20-inch  circle  attached 
to  the  instrument. 

Two  specula  have  been  provided  for  the  telescope,  one  of  which 
contains  3^,  and  the  other  4  tons  of  metal,  the  composition  of 
which  is  1 26  parts  in  weight  of  copper  to  57^  of  tin. 

The  great  tube  is  of  wood  hooped  with  iron,  and  is  7  feet  in  dia- 
meter, and  52  in  length.  The  side- walls,  1 2  feet  distant  from  the 
tube,  are  72  feet  in  length,  48  feet  in  height  on  the  outside,  and 
56  feet  in  the  inside.  These  walls  are  built  in  the  plane  of  the 
meridian. 

The  observer  stands  in  one  or  other  of  four  galleries,  the  three 
highest  of  which  are  drawn  out  irom  the  western  wall,  while  the 
fourth  or  lowest  has  for  its  base  an  elevating  platform,  along  the 
surface  of  which  a  gallery  is  moved  from  wall  to  wall  by  a  me- 
chanism at  the  command  of  the  observer. 

46.  The  Oxford  lieUometer. — This  class  of  instrument, 
which  derives  its  name  from  having  been  first  applied  to  the  mea- 
surement of  the  diameter  of  the  sim,  consists  of  a  telescope 
mounted  as  an  equatorial,  the  object-glass  of  which  is  divided  along 
a  plane  passing  through  its  optic  axis,  each  half  of  the  lens  being 
capable  of  being  moved  in  its  own  plane,  so  that  the  axes  of  the 
two  semi-lenses,  being  always  parallel  to  each  other  and  to  the 
Ixis  of  the  telescope,  may  be  within  certain  limits  separated  from 
each  other,  more  or  less,  at  the  pleasure  of  the  observer. 

From  what  has  been  explained  in  general  of  the  structure  of  an 
equatorial  instrument  (43),  and  from  the  drawing  of  this  instru- 
ment given  in  Plate  "VI.,  the  provisions  for  the  direction  of  the 
telescope  in  right  ascension  and  declination  will  be  easily  compre- 
hended. The  polar  axis,  round  which  the  instrument  turns  in  right 
ascension,  is  fixed  upon  the  face  of  a  block  of  Portland  stone,  and 
the  graduated  circle  measuring  right  ascension  is  seen  at  the  top 
and  at  right  angles  to  the  polar  axis.    This  circle  receives  its 
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motion  in  tHe  ufiual  way,  from  clockwork,  which  is  attached  to 
the  stone  pier,  and  which,  with  its  impelling  suspended  weight, 
is  seen  in  tiie  drawing.  Hods  are  provided  hj  which  the  observer 
can,  at  pleasure,  set  the  clock  going,  or  stop  it^  and  connect  it 
with,  or  disengage  it  from,  the  equatorial  circle. 

The  circle  for  indicating  polar  distance  or  declination  is  placed 
tipon  the  horizontal  axis  of  tiie  instrument,  and  also  appears  in  the 
drawing  at  the  side  opposite  to  that  at  which  the  telescope  is 
attached. 

The  object-glass  of  this  instrument,  sometimes  called  the  '^  di- 
vided object-glass  micrometer,"  supplies  a  very  accurate  method  of 
taieasuriag  angles  which  do  not  exceed  a  certain  limit  of  magni- 
tude. 

It  appears  by  the  principles  of  optics,  that  when  the  image  of 
a  distant  object  is  produced  by  a  lens,  each  point  of  such  image  is 
formed  byrays  wMch  proceed  from,  every  point  of  the  lens.  If, 
therefore,  a  part  of  the  lens  be  covered  by  an  opaque  body  or  cut 
away,  each  point  of  the  image  will  still  be  formed  by  the  rays 
which  proceed  from  every  point  of  the  lens  whichisnct  coveredorcut 
€kway.  The  only  difference  which  will  be  observed  in  the  inuige 
ivill  be,  that  it  wiU  be  less  strongly  illuminated,  being  deprived  of 
the  rays  which  it  received  from  tiie  part  of  the  lens  covered  or  cut 
away,  and  that  it  will  be  less  distinct  in  consequence  of  certain 
effects  of  diffiraction  which  need  not  be  noticed  here. 

It  follows,  therefore,  that  half  a  lens  will  produce  at  the  focus  an 
image  of  a  distant  object,  and  if  two  halves  of  the  same  lens  be 
placed  concentrically,  they  will  form  two  images,  the  exact  super- 
position of  which  will,  in  fact,  constitute  the  image  formed  by 
the  complete  lens.  But  if  the  two  halves  be  not  concentrical,  the 
two  images  will  not  be  superposed,  but  will  be  separated  by  a  space 
corresponding  with,  and  proportional  to,  the  distance  between  the 
centres  of  the  two  half  lenses.  Thus,  if  the  lenses  be  directed  to 
the  sun,  two  images  of  the  solar  disk  will  be  produced  at  the 
focus  of  the  lenses,  and  these  images  may  be  shifted  in  their  posi- 
tions, the  centres  approaching  to,  or  receding  from,  one  another, 
according  as  the  centres  of  the  two  half  lenses  approach  to,  or* 
recede  from,  each  other  \  and  if  the  angular  distance  through  which 
either  image  moves  can  be  known,  it  is  easy  to  see  how,  by  this 
means,  the  apparent  diameter  of  such  an  object  as  the  sun  can  be 
measured.  For  this  purpose,  let  the  two  half  lenses  be  first  placed 
concentrically,  so  that  the  two  images  shall  be  exactly  superposed. 
Then  let  one  of  the  two  lenses  be  moved  (the  edges  of  the  semi- 
lenses  being  always  maintained  in  contact),  until  the  image,  formed 
by  the  semi-lens,  which  is  moved,  shall  be  removed  to  such  a  posi- 
tion that  the  two  images  shall  touch  each  other  externally,  as  in 
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fig,  15.    In  that  case  it  is  evident  that  the  centre  of  the  image 

formed  hy  the  semi-lens  which  has 

been  moyed^  must  have    moved 

over  a  space  equal  to  the  diameter 

of  the  image  of  the  disk^  and  if  the 

angular  value  of  such  space  be 

known^  the  apparent  diameter  of 

the  sun  will  be  known.  ^*  '^' 

This  was  the  application  of  the  divided  object-glass,  from  which 
the  heliometer  took  its  name.  The  instrument^  however^  has  since 
been  applied  to  so  many  other  important  purposes,  that  the  name 
has  ceased  to  express  its  uses. 

The  two  semi-lenses  forming  the  object-glass  of  the  heliometer 
are  set  edge  to  edge  in  strong  brass  frames,  which  slide  in  grooves 
with  a  smooth  and  even  motion.  They  are  moved  by  fine  screws 
which,  by  the  intervention  of  cog-wheels,  are  turned  by  a  pair  of 
rods  which  pass  along  the  tube  of  the  tedescope.  The  separation 
of  the  centres  of  the  semi-lenses,  and  consequently  the  angular  dis- 
tance between  the  two  images,  is  measured  according  to  a  known 
scale  by  the  number  of  turns  and  parts  of  a  turn  of  the  screw 
which  are  necessary  to  produce  the  separation  or  to  bring  back  the 
semi-lenses  to  a  concentrical  position,  if  they  are  separated. 

It  is  obvious,  that  the  same  principle  will  be  applicable  to 
measure  the  apparent  angular  distance  between  any  two  objects, 
such  as  two  stars,  which  are  so  near  each  other  iJiat  {hey  may 
be  seen  together  in  the  field  of  view  of  the  telescope.  For  this 
purpose,  let  the  semi-lenses  be  first  placed  concentrically.  The  two 
stars  s  and  s^  will  then  be  seen  in  their  proper  positions  in  the 
field.  Let  the  semi-lenses  be  then  moved  so  that  two  images  of 
each  star  will  be  visible.  Let  the  motion  be  continued  until  the 
image  of  the  star  s  by  one  semi-lens  coincides  vdth  the  image  of 
the  other  star  s'  by  the  other  semi-lens.  The  angular  distance  cor- 
responding to  the  separation  of  the  lenses  will  then  be  the  angular 
distance  between  the  stars. 

In  this  heliometer  a  very  ingenious  contrivance  is  introduced  to 
enable  the  observer  to  read  the  scale  by  which  the  angular  magni- 
tude corresponding  to  the  separation  of  the  centres  of  the  semi-lenses 
is  indicated.  This  is  accomplished  by  placing  a  scale  behind  the 
object-glass  in  the  interior  of  the  telescope  tube,  so  that  it  can  be 
read  by  means  of  a  long  microscope,  the  eye-glass  of  which  is  placed 
near  the  eye-piece  of  the  telescope.  Tlus  interior  scale  is  illumi- 
nated by  a  piece  of  platinum  wire  placed  near  it,  which  is  rendered 
incandescent  by  a  galvanic  current  transmitted  upon  it  at  pleasure 
by  the  observer.  This  current  is  produced  by  a  Smee's  battery 
placed  in  a  xooia  below  that  containing  the  heliometer. 
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A  very  splendid  instrument  of  this  class  has  been  erected  at  the 
Pulkowa  observatory. 

47.  Tbe  Oreenwicli  tranflit-oirole. — This  instrument^  which 
has  superseded  the  i  o-feet  transit  instrument  and  6-feet  mural  circle 
at  the  Hoyal  Observatory  since  the  beginning  of  1851,  has  been 
constructed  on  a  vast  scale  of  magnitude  aud  stability.  The  aper- 
ture of  the  object-glass  of  the  former  transit  being  about  5  indies, 
while  that  of  the  mural  circle  measured  only  4  inches,  made  it 
generally  impossible  to  obtain  trustworthy  observations  of  the 
numerous  small  planets  which  had  been  lately  discovered.  For 
the  credit  therefore  of  the  national  observatory,  it  was  considered 
advisable  to  erect  a  more  powerful  instrument  with  an  object-glass 
of  increased  aperture,  and  in  the  form  of  a  transit-circle, 

A  perspective  view  of  this  instrument  is  presented  in  Plate  VU., 
made  from  original  dravdngs  taken  by  permission  of  the  Astro- 
nomer Eoyal. 

It  was  also  found,  by  the  results  of  observations  made  with 
the  I  o-feet  transit  instrument  that,  although  it  was  the  best  of  its 
class,  and  had  been  constructed  with  the  greatest  degree  of  artistic 
skill,  it  was  nevertheless  so  unstable  as  to  produce  errors  in  the 
determination  of  time,  which  it  was  possible,  and  therefore  desir- 
able, to  remove  by  introducing  improved  principles  of  construction, 
which  will  be  presently  explained  in  relation  to  another  instrument 
previously  erected  at  tlie  Observatory. 

This  instrument  consists  of  a  telescope  fixed  between  two  parallel 
circles,  one  of  which  is  graduated,  resting  on  horizontal  supports, 
placed  on  two  stone  piers,  so  that  the  line  of  collimation  moves  in 
the  plane  of  the  meridian. 

The  telescope  tube,  which  is  nearly  1 2  feet  long,  consists  of  a 
hollow  cube  of  metal,  to  which  two  large  cones  are  bolted  by  means 
of  flanges.  At  the  smaller  end  of  one  cone  is  the  object-glass,  and 
in  that  of  the  other  the  eye-piece.  Each  of  these  cones  weighs 
175  cwt.,  and  the  central  cube  with  its  pivots  weighs  8  cwt.  The 
whole  length  of  the  horizontal  axis  of  the  instrument  is  6  feet,  the 
diameter  of  each  of  the  pivots  being  6  inches.  The  object-glass  is 
8  inches  aperture,  its  optical  power  being  sufficient  for  the  obser- 
vation of  ^e  faintest  objects  which  are  presented  in  the  ordinary 
course  of  meridional  observations. 

The  parallel  circles  between  which  the  telescope  is  fixed,  are  each 
6  feet  in  diameter,  and  are  firmly  attached  to  cylindrical  bands,  one 
on  each  side  of  the  central  cube  of  the  telescope.  The  clamping 
apparatus  is  applied  to  the  eastern  circle,  and  the  western  cirde  is 
graduated.  The  reading-off  is  effected  by  means  of  six  microscopes, 
each  45  inches  in  length,  which  are  simply  inclined  perforations 
through  the  western  pier,  having  their  eye-pieces  arranged  on  the 
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back  of  the  western  pier  in  a  circle  whose  diameter  is  2 1  inches, 
and  their  object-glasses  in  the  eastern  side  arranged  in  a  circle 
about  5  feet  in  diameter^  pointing  to  the  divisions  on  the  limb  of 
the  graduated  circle. 

The  graduation  of  the  circle  is  such  as  to  show  approximately 
zenith  distances  5  while  a  pointer  fixed  to  a  block  projecting  from 
the  lower  part  of  the  pier,  directed  to  another  graduated  band  on 
the  outer  or  eastern  side  of  the  circle,  is  used  for  setting  the  tele- 
scope, and  gives  approximately  north  polar  distances.  A  small 
finder,  with  a  large  field  of  view,  is  attached  to  the  side  of  the 
cone  near  the  eye-piece,  for  the  convenience  of  setting  for  large 
objects. 

A  large  gas-light  conveniently  placed,  illuminates,  by  means  of 
a  lens  for  each  microscope,  the  graduated  arc  of  the  circle  at  the 
divisions  which  are  viewed  by  the  several  microscopes,  and  also  the 
field  of  the  telescope. 

A  variety  of  other  provisions  and  adjustments  are  attached  to  the 
instrument,  which  it  would  be  impossible  to  nender  clearly  intelli- 
gible without  reference  to  the  instrument  itself,  or  very  detailed  and 
elaborate  drawings  of  its  several  parts,  which  our  limits  do  not 
permit  us  to  introduce  here. 

48.  The  Vullcowa  prime  ▼ertieal  iBfttmnieBt. — ^This  instru- 
ment may  be  svunmarily  described  as  a  transit,  whose  line  of  colli- 
mation  moves  in  the  plane  of  the  prime  vertical,  instead  of  that  of 
the  meridian.  Nevertheless^  its  astronomical  uses  are  essentially 
distinct  from  those  of  the  transit  instrument  (23). 

The  first  instrument  made  on  this  principle  was  erected,  in  the 
beginning  of  the  last  century,  under  the  direction  of  the  celebrated 
Roemer,  whose  name  is  rendered  memorable  by  the  discovery  of  the 
mobility  of  light  (542).  It  was  applied  by  that  astronomer  chiefly 
to  observations  on  the  sun  near  the  equinoxes ;  but  none  of  the 
purposes  to  which  it  has  more  recently  subserved  appear  to  have 
been  contemplated,  and  the  instrument  was  allowed  to  fall  into  dis- 
use. Its  revival,  and  the  idea  of  its  application  to  various  im- 
portant classes  of  observations  in  the  higher  departments  of  practical 
astronomy,  and  more  especially  to  replace  the  zenith  sector  in 
observations  having  for  their  object  the  more  exact  determination 
of  aberration  and  nutation,  and  for  researches  in  stellar  parallax,  is 
due  to  Professor  Bessel.  Many  of  the  improved  details  of  construc- 
tion exhibited  in  the  Pulkowa  instrument  are,  however,  due  to  Pro- 
fessor Struve,  who,  besides,  has  obtained  such  remarkable  results 
by  the  system  of  observations  which  he  has  made  with  it. 

The  Pulkowa  prime  vertical  instrument  was  constructed,  under 
the  direction  of  Professor  Struve,  by  Messrs.  Repsold,  of  Hamburg. 
Two  stone  piers  being  erected  in  planes  at  right  angles  to  the  mo- 
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ridian,  vertical  chairs  are  fixed  upon  their  summits  in  such  a  posi- 
tion that  the  line  joining  them  is  in  the  plane  of  the  meridian. 
These  chairs  are  the  supports  of  the  cylindncal  extremities  of  the 
horizontal  axis  of  the  instrument,  which  is,  therefore,  also  in  the 
plane  of  the  meridian.  The  extremities  of  this  axis  project  beyond 
the  chairs  and  the  piers  on  each  side,  and  the  transit  telescope  is 
keyed  on  to  one  of  them,  while  a  counter-weight  i^  keyed  on  to  the 
other.  The  telescope,  having  its  line  of  coUimation  adjusted  at 
right  angles  to  the  horizontal  axis,  revolves  with  this  axis  outside 
the  piers,  in  the  same  manner  exactly  as  the  transit  telescope 
revolves  between  its  piers;  and  as  the  line  of  collimation  of  the 
latter  moves  in  the  plane  of  the  meridian,  that  of  the  transit  tele- 
scope of  the  present  instrument  moves  in  the  plane  of  the  prime 
vertical. 

Adjustments  are  provided  in  connection  with  the  two  chairs,  one 
of  which  raises  and  lowers  the  axis,  and  the  other  moves  it  in 
azimuth,  similar  exactly  to  those  described  in  the  case  of  the  transit 
instrument  (25),  et  seq.  By  these  means,  and  by  proper  levels, 
the  axis  is  rendered  truly  horizontal,  is  brought  exactly  into  the 
plane  of  the  meridian,  and  the  line  of  collimation  is  brought  to 
coincide  with  the  plane  of  the  prime  vertical  by  other  expedients, 
similar  in  principle  to  those  adopted  in  the  case  of  the  transit  in- 
strument. 

The  instrument,  mounted  on  the  piers,  is  represented  in  Plate 
Vm.,  as  seen  fi*om  the  west,  projected  on  the  plane  of  the  meridian, 
the  telescope  being  on  the  north  side,  and  placed  so  that  the  line  of 
collimation  is  directed  to  the  zenith.  The  telescope  has  7  feet 
7  inches  focal  length,  with  an  object-glass  having  a  clear  aperture 
of  6*25  inches.  The  magnifying  power  commonly  used  is  270.  In 
the  eye-piece  a  system  of  seven  parallel  vertical  micrometer  wires 
is  fixed,  similarly  to  those  of  the  transit  instrument  (22),  and  is 
similarly  used  with  relation  to  the  clock,  as  already  described  in  the 
case  of  the  latter  instrument.  A  lamp  is  placed  at  a  convenient 
distance  from  the  centre  of  the  telescope,  the  light  of  which,  ad- 
mitted by  a  plate  of  glass  fixed  in  the  side  of  the  tube,  is  received 
upon  a  small  refiector  at  45®  within,  and  refiected  along  the  tube, 
so  as  to  illuminate  the  wires  at  night. 

To  enable  the  observer  to  direct  the  telescope  to  any  required 
altitude,  a  small  telescope,  called  di,  finder,  is  fixed  to  the  outside  of 
the  great  telescope,  near  the  eye-piece,  having  attached  to  it  a 
graduated  circle,  the  plane  of  which  is  parallel  to  the  prime  vertical, 
and  also  a  level.  The  line  of  collimation  of  the  finder  being  pa- 
rallel to  that  of  the  great  telescope,  when  the  former  is  directed  to 
any  altitude  by  means  of  the  level  and  graduated  circle,  the  former 
will  be  similarly  directed.      This  finder  appears  in  the  drawing 
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outside  the  telescope^  and  a  counterpoise  to  it  is  represented  on  the 
inside. 

The  process  of  reversion  of  the  horizontal  axis,  which  in  the 
transit  instrument  is  only  used  for  the  purpose  of  adjustment  (26), 
constitutes,  in  the  case  of  the  prime  vertical  instrument,  an  essen- 
tial part  of  every  observation.  It  was,  therefore,  of  the  greatest 
Importance  that  an  easy,  expeditious,  and  safe  apparatus  for  rever- 
sion should  be  provided.  This  was  contrived  with  great  ingenuity 
by  the  makers,  and  attended  with  the  most  successful  results,  re- 
sults to  which  M.  Struve  ascribes  a  great  share  of  the  advantage 
obtaiiied  by  this  instrument.  A  part  of  this  apparatus,  by  which 
the  horizontal  axis,  with  the  telescope,  counterpoise,  and  their  ac- 
cessories, is  elevated  from  the  chairs,  is  represented  in  the  drawing 
above  the  instrument.  The  two  cords  of  suspension  being  attached 
by  hooks  to  two  points  on  the  axis  at  equal  distances  from  its 
centre,  so  as  to  maintain  the  equilibrium,  the  instrument  is  elevated 
by  means  of  a  windlass  established  on  the  floor  below  it  and  be- 
tween the  piers.  "When  raised  to  the  necessary  height,  it  is  turned 
through  half  a  revolution  in  azimuth,  so  that  the  ends  of  the  axis 
are  brought  directly  over  the  chairs,  into  which  they  ore  then  let 
down.  So  perfect  is  the  performance  of  this  apparatus,  that,  not- 
withstanding the  magnitude  and  weight  of  lie  instrument,  the 
whole  process  df  reversion  is  completed  in  sixteen  seconds;  and  the 
interval,  from  the  moment  the  observer  completes  an  observation 
with  the  telescope  on  the  north  side,  to  the  moment  he  commences 
it  on  the  south  side,  including  the  time  of  rising  from  the  observing- 
couch,  disengaging  the  clamps,  withdrawing  the  key  from  the  mi- 
crometer, reversing,  directing  the  instrument  on  the  south  side  to 
the  object  by  means  of  the  finder,  closing  the  clamps,  returning  the 
key  to  the  micrometer,  and  placing  himself  on  the  observing-couch, 
is  only  80  seconds. 

How  essential  to  the  practical  use  of  the  instrument  this  celeriiy 
is,  will  be  imderstood  when  it  is  stated,  that  the  same  object  which 
has  been  observed  on  one  side  must  be  also  observed  on  the  other 
in  the  same  transit.  The  reversion,  therefore,  must  be  completed  in 
less  time  than  that  which  the  object  takes  by  the  diurnal  motion  to 
pass  over  the  space  commanded  by  the  field  of  the  telescope  in  the 
two  positions. 

To  comprehend  the  method  of  applying  this  instrument  to  the 
purposes  of  practical  observation,  it  is  necessary  to  remember  that 
it  is  only  applicable  to  objects  moving  in  parallels  of  declination 
which  intersect  the  prime  vertical.  Such  objects  must  have 
northern  declination  (the  instrument  being  supposed  to  be  estab- 
lished in  a  place  having  north  latitude),  and  a  polar  distance  greater 
than  that  of  the  zeni^  of  the  observatory,  tiiat  is  to  say,  greater 
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than  its  co-latitude.  The  parallels  over  which  such  objects  are 
carried  by  the  diurnal  motion^  all  intersect  the  prune  vertical  at 
two  points  of  equal  altitude,  one  on  the  eastern,  and  the  other  on 
the  western,  quadrant  of  that  circle.  In  passing  from,  the  east 
point  of  intersection  to  the  west  point,  the  object  passes  over  the 
meridian,  and  it  is  evident  that  the  moment  of  its  meridional  transit 
is  precisely  the  middle  of  the  interval  between  its  two  prime 
vertical  transits.  If,  therefore,  the  exact  times  of  the  latter  be 
observed,  the  time  of  the  meridional  transit  can  be  deduced  by  a 
simple  arithmetical  process. 

When  the  telescope,  being  on  the  north  side,  is  directed  and 
clamped  in  its  position,  the  observer  awaits  the  transit,  the  time 
of  which  he  already  knows  approximately.  At  the  near  approach 
of  the  transit  he  places  himself  on  the  observing-couch,  and,  seeing 
the  object  enter  the  field,  notes  the  seconds  by  the  dock  of  its 
transits  over  the  seven  wires  of  the  micrometer. 

The  moment  the  transit  over  the  seventh  wire  has  been  observed 
he  rises  and  performs  all  that  is  necessary  for  the  reversion  of  the 
instrument,  which  being  completed,  he  again  places  himself,  and 
observes  the  transits  over  the  seven  wires  on  the  south  side ;  but  in 
this  case,  owing  to  the  change  of  position,  the  order  of  the  transits 
is  reversed. 

Now,  it  is  evident  that  the  true  moment  of  the  tranat  over  the 
prime  vertical  will  be  found  by  taking  a  mean  between  the  times 
of  the  transits  over  all  the  wires  at  both  sides.  These  observations 
being  completed,  the  observer  awaits  the  transit  of  the  object  over 
the  western  quadrant  of  the  prime  vertical,  when  he  makes  a 
similar  series  of  observations  of  transits,  first  with  the  telescope  on 
the  south  side,  in  the  position  it  had  at  the  last  observation,  and 
then,  after  reversion,  at  the  north  side.  The  true  moment  of  the 
transit  is  found,  in  this  case,  in  the  same  manner  as  in  the  former. 

By  taking  a  mean  of  these  two  means,  or,  what  would  be  equi- 
valent, a  mean  of  the  times  of  aH  the  twenty-eight  transits^  the  time 
of  the  meridional  transit  will  be  obtained. 

The  total  length  of  the  interval,  necessary  to  observe  the  transits 
over  the  wires,  north  and  south,  in  each  quadrant  of  the  prime 
vertical,  is  foimd  to  be  about  eleven  minutes,  less  than  i^  minute 
of  which  is  employed  in  the  reversion  of  the  instrument  and 
attendant  arrangements. 

The  time  which  elapses  between  the  observations  on  the  eastern 
and  western  quadrants  of  the  prime  vertical,  will  necessarily  vary 
with  the  polar  distance  of  the  object,  and  will  be  less  in  proportion 
as  excess  of  that  distance  above  the  co-latitude  is  less.  The  ob- 
servations which  have  been  made  with  this  instrument  at  Pulkowa 
have  been  chiefly  confined  to  stars  whose  polar  distance  exceeds  the 
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co-latitude  by  less  than  2®.  In  that  case,  the  interyal  between  the 
observations,  east  and  west,  would  be  less  than  three  hours. 

Professor  Struve  notices,  in  strong  terms,  the  advantage  which 
this  instrument  possesses  over  others  in  respect  to  the  errors  arising 
from  the  variation  of  the  inclination  of  the  line  of  collimation  to 
the  axis  of  rotation.  In  the  prime  vertical  instrument,  the  devia- 
tion of  the  line  of  coUimation  from  true  perpendicularity  to  the  axis 
of  rotation,  is  assumed  to  be  inyariable  only  during  the  short  in- 
terval of  a  single  observation,  whereas,  in  other  instruments,  its 
invariability  is  assumed  for  twelve  hours,  and  in  some  cases  for 
months,  and  even  years.  It  has  the  further  great  advantage,  that, 
by  reversion  in  each  quadrant,  east  and  west,  all  optical  imperfec- 
tions which  affect  the  precision  of  the  image  of  the  star  are  abso- 
lutely annihilated.* 

49.  Tlie  Chreenwicli  altudniatli  infttmmeat. — The  purpose 
chiefly  to  which  this  instrument  is  applied,  is  the  improvement  of 
the  lunar  theoiy  by  multiplying  in  alai^  ratio  the  observations  which 
can  be  made  from  montili  to  month  of  the  moon  in  almost  every 
part  of  her  orbit,  thus  supplying  materials  on  an  increased  scale 
for  a  comparison  of  observed  positions  of  the  moon,  vdth  places 
calculated  from  tables  formed  for  that  purpose  from  theoiy.  Similar 
observations  were  always  made  with  the  mural  circle  and  the  transit, 
but  they  were  consequently  confined  to  meridional  transits.  Now, 
these  transits  cannot  be  observed  on  the  meridian,  even  when  the 
firmament  is  unclouded,  for  four  days  before  and  lour  days  after 
the  new  moon,  in  consequence  of  the  proximity  of  that  body  to 
the  sun }  an  interval  amounting  to  little  less  than  one-third  of  the 
month.  Besides  this,  it  happens,  in  this  climate,  that,  at  the 
moment  of  the  meridional  trtmsits  at  other  parts  of  the  month, 
the  observation  is  frequently  rendered  impracticable  by  a  clouded 
sky.  It  was,  therefore,  highly  desirable  to  contrive  some  means 
of  making  the  observations  in  extra-meridional  positions  of  the 
moon  which  would  bear  comparison  with  those  made  with  the 
meridional  instruments. 

This  could  obviously  be  accomplished  by  means  of  an  ordinary 
altitude  and  azimuth  circle;  but  such  an  instrument,  however 
perfect  might  be  its  construction,  is  not  susceptible  of  the  necessary 
precision.  The  Astronomer  Royal,  therefore,  conceived  the  idea  of 
an  instrument  on  the  same  principle,  which,  while  it  would  be 
capable  of  shifting  its  azimuth,  would  still  be  susceptible  of  as 
much  precision  in  each  vertical  in  which  it  might  be  placed,  as  the 

*  For  a  detailed  account  of  the  Polkowa  prime  vertical  instrament,  see 
Ducription  de  VObservatoire  Astronomique  de  FtdkowOf  parF.  G.  W.  Struve. 
Also  Astronomische  Naehrichten,  No.  468,  et  seq, 
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mural  circle  has  in  the  meridian.  He  accordingly  proposed  to 
attain  this  object  by  adopting  adequate  engineering  expedients  to 
produce  the  necessaiy  solidity  and  invariability  of  form.  He 
adopted^  as  fundamental  principles  of  construction^ — 

1 .  To  produce  as  many  parts  as  possible  in  a  single  casting ; 

2.  To  use  no  small  screws  for  combining  the  parts ', 

3.  To  allow  no  power  of  adjustment  anywhere. 

Following  out  these  principles,  the  instrument  represented  in 
Plate  IX.  was  constructed,  imder  his  superintendence,  by  Messrs. 
Bansome  and  May,  engineers,  of  Ipswich ;  the  graduation  and 
optical  part  being  executed  by  Messrs.  Troughton  and  Sinuns. 

The  instrument  is  mounted  in  a  tower,  raised  to  such  a  height 
as  to  command  the  horizon  in  all  directions  above  the  other  build- 
ings of  the  Observatory,  except  on  the  side  of  the  south-east  dome 
and  the  octagon  room.  The  foundation  of  the  instrument  is  a 
three-rayed  pier  of  brickwork,  carried  up  nearly  to  the  level  of  the 
floor  of  the  room  appropriated  to  the  instrument.  Upon  this  pier 
is  placed  a  cylindrical  stone  pillar,  3  feet  in  diameter,  which 
appears  in  the  drawing,  and  on  which  the  instrument  is  placed. 
TMs  pillar  and  the  pier  upon  which  it  reposes  are  quite  indepen- 
dent of,  and  unconnected  with,  the  tower  within  which  it  is  erected, 
and  do  not  even  touch  the  floor  of  the  room  through  which  they 
pass. 

The  fixed  horizontal  azimuth  circle  is  solidly  established  upon 
this  stone  pillar.  It  is  a  circle  3  feet  in  diameter,  the  rim  being 
connected  with  the  centre  in  the  usual  way  by  spokes.  The  whole 
is  constructed  of  hard  gun-metal.  In  the  upper  surface  of  the  rim 
a  circular  groove  is  left,  which  is  filled  with  a  band  of  silver,  on 
which  the  divisions  are  engraved.  This  circle  is  divided  into  arcs 
of  5'  continuously  from  0°  to  360®.  It  is  set  with  the  zero  towards 
the  south,  and  the  numbering  of  the  divisions  runs  from  south  to 
west,  north  and  east.  This  azimuthal  circle  was  cast  in  a  single 
piece,  and  weighs  441  lbs. 

Attached  to  this,  and  concentric  with  it,  is  another  fixed  hori- 
zontal circle,  having  teeth  on  the  inside  edge,  in  which  the  pinions 
work  by  which  an  azimuth  motion  is  given  to  the  instrument. 

There  are  four  microscopes  placed  at  equal  distances  over  the 
graduated  arc,  which  are  provided  with  micrometers,  by  which  the 
observation  in  azimuth  is  read  off.  These  microscopes  are  attached 
to  the  instrument  so  as  to  revolve  with  it.  Their  reflectors  are 
illuminated  by  a  lamp  properly  placed. 

The  lower  pivot  on  which  the  instrument  turns  is  spherical,  and 
takes  a  bearing  upwards  in  a  socket  in  the  base-plate,  and  down- 
wards in  a  cone  of  hard  gun  metal,    A  portion  of  the  weight  of 
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the  instrument  is  taken  off  by  a  counterpoise  acting  by  levers  whicb 
push  a  slider  upwards  against  the  pivot.  To  support  the  upper 
pivot,  an  iron  triangle  is  established  on  the  three-rayed  pier.  On 
each  side  of  this,  is  erected  another  iron  triangle,  whose  plane  is 
vertical,  and  whose  sides  unite  in  a  vertex  which  forms  one  of  the 
angles  of  a  corresponding  triangle  above.  This  upper  triangle  sup- 
ports three  radial  bars,  which  carry  at  their  point  of  union  tiie  Y  in 
which  the  upper  pivot  plays.  The  bars  of  the  lateral  triangles, 
which  are  apparent  in  the  drawings,  pass  the  holes  in  the  floor  with- 
out touching  it. 

The  frame,  revolving  in  azimuth  and  carrying  the  instrument 
with  it,  consists  of  a  top  and  bottom  connected  by  vertical  cheeks, 
all  of  cast-iron.  The  supports  of  the  four  microscopes  for  reading 
off  the  azimuth  on  the  lower  circle  are  cast  in  the  same  piece  with 
these  vertical  cheeks. 

The  vertical  cirde  carrying  the  telescope  is  3  feet  in  diameter, 
and,  like  the  azimuth  circle,  is  made  of  hard  gun  metal.  The 
aperture  of  the  object-glass  is  3}  in.  The  top  and  bottom  of  the 
instrument  each  carries  two  levds,  parallel  to  the  plane  of  the  hori- 
zontal axis,  used  in  observations  of  azimuth ;  and  two  levels  are 
fixed  on  one  of  the  vertical  cheeks  parallel  to  the  plane  of  the 
vertical  circle,  used  in  observations  of  zenith  distance. 

The  dome  over  the  instrument  is  cylindrical,  with  double  sides, 
between  which  the  air  passes  freely.    Its  diameter  is  10  feet. 

The  drawing  represents  the  instrument  as  in  use.  The  ladder 
revolves  in  azimuth,  round  the  central  pier,  —  to  facilitate  which 
motion,  rollers  are  placed  under  it.  A  metal  frame  is  attached  to 
the  vertical  cheek  of  the  instrument,  having  its  edges  in  a  plane  pa- 
rallel to  that  of  the  vertical  circle.  The  eye  being  directed  along 
these  to  view  the  object,  the  instrument  is  placed  veiy  nearly  in  the 
proper  azimuth,  and  the  telescope  is  then  accurately  directed  to  the 
object  by  the  ring-tinder.    This  frame  is  omitted  in  the  drawing. 

The  results  of  the  observations  made  with  this  instrument  are 
stated  to  have  fulfilled  all  the  anticipations  of  the  Astronomer 
Royal,  as  well  as  to  the  number  of  observations  as  to  their  excel- 
lence. The  number  of  observations  have  exceeded  those  made 
with  the  meridional  instruments  in  the  proportion  of  about  1 6  to  9. 
Some  have  been  made  even  within  a  day  of  conjunction. 

50.  The  Vortbuinberland  equatorial — Cambridgre  Obfter* 
▼atory.  — The  late  Duke  of  Northumberland,  who  filled  during 
the  latter  part  of  his  life  the  high  and  honourable  office  of  Chan- 
cellor of  the  University  of  Cambridge,  presented  to  that  miiversity 
this  instrument,  which,  successively  in  the  hands  of  the  Astronomer 
Royal  and  Professor  Challis,  has  contributed  so  effectually  to  the 
advancement  of  astronomical  science. 
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The  instrument,  of  which  a  perspectiTe  view  is  ^ven  in  Plate  X., 
together  with  a  view  of  the  bidlding  in  which  it  is  erected,  consists 
of  a  refracting  telescope  of  19^  feet  focal  length  and  11^  inches 
aperture  equatorially  mounted.  The  polar  azis^  as  appears  in  the 
drawing,  consists  of  a  system  of  framing  composed  of  six  strong  deal 
poles^  attached  at  the  ends  to  two  hexagonal  £rames  of  cast-iron, 
the  centres  of  which  support  the  upper  and  lower  pivots  on  which 
the  telescope  revolves.'  These  poles  at  the  middle  are  braced  by 
transverse  iron  bands,  and  by  a  system  of  diagonal  rods  of  deal 
abutting  near  the  middle  of  the  poles.  These  give  stiffiiess  to  the 
entire  framing  of  the  polar  axis,  and  maintain  the  hexagonal  frames 
square  to  it.  Efficient  means  are  provided  to  give  elasticity  to  the 
supports  of  the  pivots  and  smoothness  to  the  equatorial  motion. 

The  tube  of  the  telescope  is  made  of  well-seasoned  deal,  and  at- 
tached to  one  side  of  it  is  a  flat  brass  bar,  6  feet  long,  carrying  a 
small  graduated  arc  at  right  angles  to  it  at  one  end,  and  turning  at 
the  other  on  a  pin  fixed  in  the  telescope  tube  at  a  distance  of  30 
inches  from  the  axis  of  revolution.  This  arc,  which  is  called  the 
declination  sector,  serves  to  measure  small  differences  of  declination, 
and  is  read  by  a  micrometer  microscope  fixed  to  the  telescope  tube. 

The  hour-circle,  which  measures  the  equatorial  motion,  is  5^ 
feet  in  diameter,  and  is  so  arranged  that  it  can  be  clamped  to  the 
telescope,  or  disengaged  from  it,  at  pleasure.  It  has  two  indices 
with  verniers,  one  fixed  to  the  support  of  the  lower  pivot,  and  the 
other  to  the  hexagonal  frame.  By  setting  the  latter  to  a  certain 
angle,  determined  by  an  observation  of  a  star  of  known  right  ascen- 
sion, the  telescope  can  be  directed  to  any  proposed  right  ascensign 
by  means  of  the  other  index.  Observations  of  right  ascension  can 
be  made  to  i  second  of  time.  The  outer  rim  of  the  circle  is  cut 
into  teeth,  which  are  acted  on  by  an  endless  screw  connected  at 
pleasure  by  a  brass  rod  with  a  large  clock,  by  which  a  motion  can 
be  given  to  the  telescope  corresponding  with  the  diurnal  motion  of 
the  heavens. 

The  hour-circle  is  clamped  to  the  frame  of  the  axis  by  a  tangent- 
screw-clamp  fixed  to  the  frame  itself,  by  means  of  which,  with  the 
aid  of  a  handle  extending  to  the  place  of  the  observer,  he  can, 
when  the  endless  screw  is  applied,  give  motion  to  the  instrument 
through  a  limited  space  upon  the  hour-circle.  The  rate  of  motion 
given  to  the  hour-circle  by  the  clock  is  not  affected  by  this  move- 
ment. The  hour-circle,  therefore,  going  according  to  sidereal  time, 
small  differences  of  right  ascension  can  be  measured  by  reading  off 
the  angles  pointed  to  by  the  movable  index  before  and  after  the 
changes  of  position. 

The  dome  which  covers  the  instrument,  and  which,  as  well  as 
the  other  details  of  its  erection,  was  constructed  under  the  direction 
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of  the  Astronomer  Royal,  who  was  then  the  Cambridge  astronomer, 
is  supported  so  as  to  revolve  on  free  balls  between  concave  chan- 
nelS;  holdfasts  of  peculiar  construction  being  provided  to  obviate 
the  eventuality  of  the  dome  being  dislodged  or  blown  off  by  wind 
or  any  other  unusual  disturbance.  The  winch  which  acts  on  the 
machinery  for  turning  the  dome,  is  carried  to  the  observer's  chair, 
so  that  he  can,  while  engaged  in  a  long  observation,  turn  the  dome 
slowly  without  removing  from,  his  position. 

The  magnitude  of  the  instrument,  and  the  consequent  extensive 
motion  of  the  eye-piece,  rendered  it  necessary  to  contrive  adequate 
means  by  which  the  observer  could  be  carried  with  the  eye-piece 
by  a  common  motion  without  any  personal  derangement  which 
might  disturb  the  observation.  This  is  accomplished  by  means  of 
an  ingenious  apparatus  consisting  of  a  frame,  of  which  the  upper 
edge  is  nearly  a  circular  arc  whose  centre  is  the  centre  of  the  tele- 
scope, which  frame  traverses  horizontally  round  a  pin  in  the  floor 
exactly  below  the  centre  of  the  telescope,  the  observer's  chair  sliding 
on  the  firame.  The  observer  can,  by  means  of  a  winch  placed  beside 
his  chair,  turn  round  the  frame  on  which  the  chair  is  supported, 
and  by  means  of  a  lever  and  ratchet  wheel  he  can  raise  and  lower 
the  chair  on  the  frame.  He  has  also  means  of  raising  and  depress- 
ing the  back  of  the  chair  so  as  to  give  it  the  inclination  he  may  at 
the  moment  find  most  convenient. 

51*  Tbe  Greenwlcli  great  equatorial. — This  instrument, 
which  was  completed  in  the  beginning  of  the  year  1 860,  was  erected 
from  designs  by  the  Astronomer  Royal,  by  Messrs  Ransomes  and 
Co.  of  Ipswich,  the  optical  portion  being  the  work  of  Messrs 
Troughton  and  Simms,  of  London.  It  consists  of  a  telescope  with 
an  object-glass  of  12}  inches  aperture,  and  about  18  feet  focdl 
length,  mounted  according  to  the  principle,  known  as  the  English 
form  of  equatorial  mounting. 

No  novelty  is  introduced  into  the  construction  of  the  polar  axis, 
except  that  the  declination  axis  is  so  far  advanced  in  front  of  the 
polar  axis,  and  the  upper  part  of  the  polar  frame  is  so  cut  away  that 
the  telescope  commands  the  meridian  without  interruption  to  a 
short  distance  beyond  the  pole.  Each  cheek  of  the  polar  axis  is 
constructed  in  the  form  of  a  skeleton  prism,  the  pillars  being  braced 
by  a  series  of  diagonal  tension  bars  and  transversal  thrusting  bars; 
these  are  of  wrought  iron.  The  upper  and  lower  ovals  which  cany 
these  are  of  cast  iron.  On  the  spindle  of  the  lower  oval,  the  hour- 
wheel,  6  feet  in  diameter,  on  which  the  clock  movement  acts,  turns 
freely;  this  wheel  can  be  clamped  when  necessary  to  the  oval  or  to 
the  foundation-plate. 

The  declination  circle,  attached  to  one  cheek  of  the  polar  axis,  is 
read  by  two  microscopes  placed  in  such  a  position,  that  though  they 
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view  opposite  graduations  on  a  5 -feet  circle,  the  eye-pieces  are  only 
a  few  inches  apart.  For  the  illumination  of  the  microscopes  the 
light  enters  a  hole  in  the  side  of  the  eye-tube,  when  it  is  reflected 
downwards  by  diagonal  plates  of  transparent  glass  -,  it  then  falls  upon 
the  limb,  whose  surface  is  turned  to  a  concave  or  dished  conical  form, 
so  that  ilie  axis  of  the  microscope  is  perpendicular  to  the  portion  of 
the  limb,  under  viewj  the  light,  therefore,  which  has  been  thrown 
down  that  axis  is  again  reflected  up  the  axis  to  the  eye.  There  is  a 
5 -feet  clamp  circle  attached  to  the  opposite  cheek  of  the  polar  axis, 
whose  clamp-screw  and  slow-motion  are  acted  on  by  long  handles 
near  the  eye  end  of  the  telescope. 

For  convenience  of  setting,  and  for  reading  small  differences  of 
polar  distances,  a  radial  bar  is  flxed  on  one  side  of  the  telescope, 
which  turns  on  a  pin  near  the  centre  of  motion,  its  gpraduation  being 
near  the  eye  end  of  the  telescope ;  this  radial  bar  is  bridled  by  a 
graduated  sliding  rod,  of  which  the  distant  end  is  carried  by  a  pin 
on  one  cheek  of  the  polar  axis. 

The  instrument  is  provided  with  a  clock  movement,  which  is  a 
beautiful  specimen  of  the  application  of  mechanism  for  driving 
smoothly  so  heavy  a  mass.  From  a  self-supplying  tank  placed  on 
the  upper  story  of  the  building,  a  suflSicient  fall  of  water  is  obtained 
for  working  a  reaction  machine,  which  revolves  four  times  in  a 
second.  This,  acting  through  two  worms,  drives  the  hour-circle. 
The  regulation  is  effected  by  the  contrivance  called  Sieman's  chro- 
nometric  governor,  acting  upon  a  pendulum  having  an  uniform 
conical  motion. 

The  limits  of  this  work  do  not  permit  a  lengthened  detail  of  all 
the  peculiarities  of  this  instrument,  especially  as,  in  many  respects, 
the  general  appearance  and  many  of  its  parts  are  veiy  similar  to 
what  is  already  described  in  the  account  of  the  Northumberland 
equatorial.  However,  as  a  specimen  of  astronomical  engineering  it 
is  considered  unique  j  and  the  adoption  in  its  construction  of  every 
modem  instrumental  improvement,  together  with  its  great  stability, 
renders  it  one  of  the  most  important  instruments  of  its  class  to  be 
found  in  any  countiy. 


CHAPTER  m. 

THE  OENERAIi  BOTUNDITY  AND  DIME17SIONS  OF  THE  EARTH. 

52.  Tbe  eartb  a  station  from,  wbloli  tbe  universe  is 
observed. — The  earth  is,  in  various  points  of  view,  an  interesting 
object  of  scientific  investigation.  The  naturalist  regards  it  as  the 
habitation  of  the  numerous  tribes  of  organised  beings  which  are 
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the  special  subject  of  Ms  observation  and  inquiry^  and  examines 
curiously  those  properties  and  qualities  of  soil^  climate  and  atmo- 
sphere, by  which  it  is  fitted  for  their  maintenance  and  propagation, 
and  the  conditions  which  govern  their  distribution  over  its  surface. 
The  geologist  and  mineralogist  regard  it  as  the  theatre  of  vast 
physical  operations  continued  through  periods  of  time  extending 
infinitely  beyond  the  records  of  himian  history,  the  results  of  which 
are  seen  in  the  state  of  its  crust.  The  astronomer,  rising  above 
these  details,  regards  it  as  a  whole,  examines  its  form,  investigates 
its  motions,  measures  its  magnitude,  and,  above  all,  considers  it  as 
the  station  from  which  alone  he  can  take  a  survey  of  that  imiverse 
which  forms  the  peculiar  object  of  his  study,  and  as  the  only  modulus 
or  standard  by  which  the  magnitudes  of  all  the  other  bodies  in  the 
universe,  and  the  distances  which  separate  them  from  the  earth  and 
&om  each  other,  can  be  measured. 

53.  irecessary  to  ascertain  its  form,  dimensions,  and 
motions. — But  since  the  apparent  magnitudes,  motions,  and  rela- 
tive arrangement  of  surrounding  objects  severally  vary,  not  only 
with  every  change  in  the  position  of  the  station  of  the  observer,  but 
even  with  every  change  of  position  of  the  observer  on  that  station, 
it  is  most  necessary  to  ascertain  with  all  attainable  accuracy  the 
dimensions  of  the  earth,  which  is  the  station  of  the  astronomical 
observer,  its  form,  and  the  changes  of  position  in  relation  to  sur- 
rounding objects  to  which  it  is  subject. 

54.  Form  flTlobular. — The  first  impression  produced  by  the 
aspect  presented  by  the  surface  of  the  earth  is  that  of  a  vast  indefinite 
plane  suiface,  broken  only  by  the  accidents  of  the  ground  on  land, 
such  as  hills  and  mountains,  and  by  the  more  mutable  forms  due 
to  the  agitation  of  the  fiuid  mass  on  the  sea.  Even  this  departure 
from  the  appearance  of  an  extensive  plane  surface  ceases  on  the  sea 
out  of  sight  of  land  in  a  perfect  calm,  and  on  certain  plains  of  vast 
extent  on  land,  such  as  some  of  the  prairies  of  the  American  conti- 
nents. 

This  first  impression  is  soon  shown  to  be  fallacious ;  and  it  is 
easily  demonstrated  that  the  immediate  indications  of  the  unaided 
sense  of  vision,  such  as  they  are,  are  loosely  and  incorrectly  inter- 
preted, and  that,  in  fact,  even  that  small  part  of  the  earth's  surface 
which  falls  at  once  within  the  range  of  the  eye  in  a  fixed  position 
does  not  appear  to  he  a  plane. 

Supposing  that  any  extensive  part  of  the  surface  of  the  earth  were 
really  a  plane,  let  several  stakes  or  posts,  of  equal  height,  be  erected 
along  the  same  straight  line,  and  at  equal  distances,  say  a  mile 
apart.  Let  these  stakes  be  represented  by  s«,  s'  /,  s'^ «'',  &c.,  Ji^, 
1 6,  and  let  a  stake  of  equal  height,  0  o,  be  erected  at  the  station  of 
tiie  observer.    Now  if  the  surface  were  a  plane,  it  is  evident  that 
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the  points  «,  »', »",  &c.  must  appear  to  an  eye  placed  at  o  in  the 
same  visual  line^  and  would  each  be  visible  through  a  tube  directed 


Fig.  16. 

at  0  parallel  to  the  surface  0  s.  But  such  will  not  be  foimd  to  be 
the  case.  When  the  tube  is  directed  to  «,  all  the  succeeding  points 
«',  a'',  &c.  will  be  hehw  its  direction.  If  it  be  directed  to  «',  the 
point  8  will  be  above,  and  s^^  and  all  the  succeeding  points  will  be 
below  its  direction.  In  like  manner^  if  it  be  directed  to  s",  the 
preceding  points  «  and  »'  will  be  above^  and  the  succeeding  points 
bdow  its  direction.  In  effect  it  will  appear  as  though  each  suc- 
ceeding stake  were  a  little  shorter  than  the  preceding  one.  But 
as  the  stakes  are  all  precisely  equal,  it  must  be  inferred  that  the 
successive  points  of  the  surface  s,  s",  s",  s%  &c.  are  relatively  lower 
than  the  station  0.  Nor  will  the  effects  be  explained  by  the  sup- 
position that  the  surface  0  s  s'  s'^^  &c.;  is  a  descending  but  still 
aplane  surface^  because  in  that  case  the  points  8, 8^,  8'^,  &c  must  still 
be  in  the  same  visual  line  directed  from  0.     It  therefore  follows 
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that  the  surface  in  the  direction  0  s  s'  s"  s''^,  &c.  is  not  plane  but 
curved,  as  represented  in^^.  17,  where  the  visual  lines  are  in 
obvious  accordance  vdth  the  actual  appearances  as  above  explained. 

Now  since  these  effects  are  found  to  prevail  in  every  direction 
around  the  point  of  observation  0,  it  follows  that  the  curvature  of 
the  surface  prevails  all  around  that  point ;  and  since  the  extent  of  the 
depression  of  the  points  s,  s',  s'',  &c.  at  equal  distances  from  0,  are 
equal  in  every  direction  around  0,  it  follows  that  the  curvature  is 
in  every  direction  sensibly  uniform  around  that  point. 

But  by  shifting  the  centre  of  observation  0,  and  making  similar 
observations  elsewhere,  and  on  every  part  of  the  earth  where  such 
a  process  is  practicable,  not  only  are  like  effects  observed,  but  the 
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degree  of  depremon  corresponding  to  equal  distances  from,  the  centres 
of  observation  is  the  same. 

Hence  we  infer  that  the  surface  of  the  earthy  as  observed  directly 
by  the  eye,  is  not  a  plane  surface^  but  one  everywhere  curved,  and 
that  the  curvature  is  everywhere  uniform,  at  least  that  no  departure 
from  perfect  uniformity  in  its  general  curvature  exists  sufficiently 
considerable  to  be  discovered  by  this  method. 

But  the  only  form  of  a  solid  body  which  has  a  surface  of  uniform 
curvature  is  a  sphere  or  globe,  and  it  is  therefore  established  that 
such  is  the  form  of  the  earth. 

55.  Tills  oonduslon  corroborated  by  oircmnnavtgratioii. — 
If  a  vessel  sail,  as  far  as  it  is  practicable  to  do  so,  constantly  in  the 
same  direction,  it  will  at  length  return  to  the  port  of  its  departure, 
having  circumnavigated  the  earth,  and  during  its  course  it  appears 
to  pass  over  an  uniform  surface.  This  is  obviously  what  must  take 
place  so  far  as  regards  that  part  of  the  earth  which  is  covered  with 
water,  supposing  it  to  be  a  globe. 

56.  Corroborated  by  lunar  eclipses. — But  the  most  striking 
and  conclusive  corroboration  of  the  inference  just  made,  and  indeed 
a  phenomenon  which  alone  would  demonstrate  the  form  of  the  earth, 
is  that  which  is  exhibited  in  lunar  eclipses.  These  appearances, 
which  are  so  frequently  witnessed,  are  caused  by  the  earth  coming 
between  the  sun  and  the  moon,  so  as  to  cast  its  shadow  upon  the 
latter.  Now  the  form  of  that  shadow  is  always  precisely  that 
which  one  globe  vxndd  project  upon  another.  The  phenomenon  thus 
at  once  establishes  not  only  the  globular  form  of  the  earth,  but  that 
of  the  moon  also. 

57.  Various  effects  indicatingr  tbe  earth's  rotundity. — The 
rotundity  of  the  earth  being  once  admitted,  a  multitude  of  its  con- 
sequences and  effects  present  themselves,  which  supply  corrobora- 
tive evidence  of  that  important  proposition. 

When  a  ship  sails  from  the  observer,  the  first  part  which  should 
cease  to  be  visible,  if  the  earth  were  a  plane,  would  be  the  rod  of  the 


Fig.  18. 

top-mast,  having  the  smallest  dimensions,  and  the  last  the  hull  and 
^skiBf  beiDg  the  greatest  in  magnitude^ — but,  in  fact,  the  rery 
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jeverse  takes  place.  The  hull  first  disappears,  then  the  sails,  and 
lastly  the  top-mast  alone  is  visible  by  a  telescope,  appearing  like 
a  pole  planted  in  the  water.  This  becomes  gradually  shorter,  ap- 
pearing to  sink  in  the  water  as  the  vessel  recedes  £rom  the  eye. 

These  appearances  are  the  obvious  consequences  of  the  gradual 
interposition  of  the  convexity  of  the  part  of  the  earth^s  surface  over 
which  the  vessel  has  passed,  and  will  be  readily  comprehended  by 
the^.  1 8. 

If  the  obsCTver  take  a  more  elevated  position,  the  same  succes- 
sion of  phenomena  will  be  presented,  only  greater  distances  will 
-r        be  necessary  to  produce  the  same  degree  of  ap- 
parent sinking  of  the  vessel. 

Land  is  visible  from  the  top-mast  in  approaching 
the  shore,  when  it  cannot  be  seen  from  the  deck. 

The  top  of  the  peak  of  Teneriife  can  be  seen  from 
a  distance  when  the  base  of  the  mountain  is  in- 
visible. 

.The  sun  shines  on  the  summits  of  the  Alps  long 
after  sunset  in  the  valleys. 

An  aeronaut  ascendrag  after  sunset  has  wit- 
nessed the  sun  reappear  with  all  the  efiects  of 
sunrise.  On  descending,  he  witnessed  a  second 
sunset. 

58.  Blmenslons  of  tlie  eartli. — Ketbod  of 
measurlnflr  a  degree. — Having  thus  ascertain- 
ed that  the  form  of  the  earth  is  a  globe,  it  now 
remains  to  discover  its  magnitude,  or,  what  is 
the  same,  its  diameter.' 

For  this  purpose  it  wiU  be  necessary  first  to  as- 
certain the  actual  length  of  a  degree  upon  its  sur- 
face, that  is,  the  distance  between  two  points  on 
the  surface,  so  placed  that  the  lines  drawn  from 
them  to  the  centre  shall  make  with  each  other  an 
angle  of  one  degree. 

Juetp  and  p'jfig^  19,  represent  two  places  upon 
the  earth's  surface,  distant  from  each  other  from 
60  to  106  miles,  and  let  c  be  the  centre  of  the 
earth.  Now,  let  us  suppose  that  two  observers  at 
the  places  p  and  ^'  observe  two  stars  «  and  «', 
which  at  the  same  time  are  vertically  over  the  two 
places,  and  to  which,  therefore,  plumb-lines  sus- 
pended at  the  two  places  would  be  directed.  The 
direction  of 'these  plumb-lines,  if  continued  down- 
wards, would  intersect  ate, the  centre  of  the  earth. 
The  visual  angle  under  the  directions  of  these  stars  «  and  ^  at  ^' 
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is  sp  tf,  and  at  c  is  «  c  a'.  But,  owing  to  the  insignificant  propor- 
tion which  the  distances  p  j/  and  p  0  bear  to  the  distances  of  the 
stars,  the  visual  angle  of  the  stars,  whether  seen  from  p  or  c,  will 
be  the  same.  K,  then,  this  visual  angle  at  p'  be  measured,  as  it 
may  be  with  the  greatest  precision,  we  may  consider  it  as  the  mag- 
nitude of  the  angle  p  0  p^. 

Let  the  actual  distance  D,  between  the  places  p  and  j/,  be  mea- 
sured or  ascertained  by  the  process  of  surveying,  and  the  number 
of  seconds  in  the  observed  angle  8  pWhQ  expressed  by  a.  If  c^ 
express  the  distance  of  two  points  on  the  earth  which  would  sub- 
tend at  the  centre  c  an  angle  of  1°,  we  shall  then  have — 

/:  •,  3600 

a  :  3600  ::  D  :  (?  =  D  X  - — , 

since  the  number  of  seconds  in  a  degree  is  3600. 

59.  Ibengrtli  of  a  degree. — In  this  way  it  has  been  ascertained 
that  the  length  of  a  degree  of  the  earth's  surface  is  a  little  less 
than  70  British  statute  miles,  and  may  be  expressed  in  feet  (in 
round  numbers)  by  365,000. 

It  will  therefore  be  easy  to  remember  that  the  length  of  a  degree 
is  as  many  thousand  feet  as  there  are  days  in  the  year. 

60.  abenfftb  of  a  second  of  tbe  eartb. — To  find  tbe  earib's 
diameter. — Since  a  second  is  the  3600th  part  of  a  degree,  it  follows 
also  that  the  length  of  a  second  is  a  hundred  feet  very  nearly,  a 
measure  also  easUy  remembered 

Nothing  can  be  more  easy,  after  what  has  been  stated,  than  the 
solution  of  the  problem  to  determine  the  earth's  diameter.  K  r 
express  the  radius  or  semidiameter  of  the  earth  cpj  a  the  aicpp^ 
of  the  earth's  surface  between  the  two  places.  Jiff.  1 9,  and  a  the 
Angle  p  c  y,  we  shall  have 


u'' 


J£  the  distance  a  be  one  degree,  this  will  become 

r=  ^||^  X  206,265  =  20,912,979, 

or  very  nearly  twenty-one  million  feet,  which  is  equal  to  3960 
statute  miles.  So  that  the  diameter  of  the  earth  would  be  7920 
miles,  or  in  round  numbers  (for  we  are  not  here  pretending  to 
extreme  arithmetical  precision)  about  8000  miles. 

The  process  of  observation  above  explained  is  not  in  its  details 
exactly  that  by  which  the  magnitude  of  the  earth  is  ascertained, 
but  it  is  in  spirit  and  principle  the  method  of  observation  and  cal- 
culation.   It  would  not  be  easy  to  find,  for  example,  any  two 


48  ASTRONOMY. 

observable  stars  wbrcb  at  one  and  the  same  moment  would  be 
vertically  over  the  two  places  p  and  p',  but  any  two  stars  nearly 
over  them  would  equally  answer  the  purpose  by  observing  the 
extent  of  their  departure  from  the  vertical  direction.  Neither  is  it 
necessary  that  the  two  observations  should  exactly  coincide  as  to 
time ;  but  these  details  do  not  affect  the  principle  of  the  method^ 
though  they  require  some  consideration  to  make  them  clearly  in- 
telligible. 

6l.  Superfleial  inequalities  of  tbe  earCb  relatively  insip- 
Blflcant. — It  is  by  comparison  alone  that  we  can  acquire  any  clear 
or  definite  notions  of  distances  and  magnitudes  which  do  not  come 
under  the  immediate  cognizance  of  the  senses.  K  we  desire  to  ac- 
quire a  notion  of  a  vast  distance  over  which  we  cannot  pass,  we 
compare  it  with  one  with  which  we  have  immediate  and  actual 
acquaintance,  such  as  a  foot,  a  yard,  or  a  mile.  In  Astronomy, 
having  to  deal  with  magnitudes  exceeding  in  enormous  proportions 
those  of  all  objects,  even  the  most  stupendous,  which  are  so  ap- 
proachable as  to  afibrd  means  of  direct  sensible  observation,  we  are 
incessantly  obliged  to  have  recourse  to  such  comparisons  in  order 
to  give  some  degree  of  clearness  to  our  ideas,  since  without  them 
our  knowledge  would  become  a  mere  assemblage  of  words,  num- 
bers, and  geometrical  diagrams. 

When  it  is  stated  that  the  earth  is  a  globe,  the  first  objection 
which  will  be  raised  by  tiie  uninformed  student  is  that  the  conti- 
nents, islands,  and  tracts  of  land  with  which  it  is  covered  are  marked 
by  considerable  inequalities  of  level;  that  mountains  rise  into  ridges 
and  peaks  of  vast  height;  that  the  seas  and  oceans*  though  level  at 
their  surface  in  a  certain  general  sense,  are  agitated  by  great  waves, 
and  alternately  swelled  and  depressed  by  tides,  and  that  the  solid 
bottom  of  them  is  known  to  be  subject  to  inequalities  analogous  in 
character,  and  not  less  in  depth,  than  those  which  prevail  on  the 
land.  Since,  then,  it  is  the  characteristic  property  of  a  globe  that 
all  points  on  its  surface  are  equally  distant  from  its  centre,  how,  it 
may  be  demanded,  can  a  mass  of  matter,  so  unequal  in  its  surface  as 
the  earth  is,  be  a  globe? 

It  may  be  conceded  at  once,  in  reply  to  this  objection,  that  the 
earth  is  not,  in  the  strict  geometnc  sense  of  die  term,  a  globe. 
But  let  us  consider  the  extent  of  its  departure  from  the  globular 
form,  so  far  as  relates  to  the  superficial  inequalities  just  adverted  to. 

The  most  lofty  mountain  peaks  do  not  exceed  five  miles  in  height. 
Few,  indeed,  approach  that  limit.  Most  of  the  considerable  moun- 
tainous districts  are  limited  to  less  than  half  that  height.  No 
considerable  tract  of  land  has  a  general  elevation  even  of  one  mile. 
The  deepest  parts  of  the  sea  have  not  been  sounded;  but  it  is 
certain  that  &eir  depth  does  not  exceed  the  heights  of  the  most 
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lofty  motmtamS;  and  the  general  depth  is  incomparably  less.  The 
saperfidal  inequalities  of  the  aqueous  suiface  produced  by  wayes 
and  tides  are  comparatively  insignificant. 

Now^  let  us  consider  how  these  several  superficial  inequalities 
would  be  represented^  observing  a  due  proportion  of  scale,  even  on 
the  most  stupendous  model. 

Construct  a  globe  20  feet  in  diameter,  as  a  model  of  the  earth. 
Since  20  feet  represents  8000  miles,  i  -400th  part  of  a  foot^  or 
3-1 00th  parts  of  an  inch,  represents  a  mile.  The  height,  therefore, 
of  the  most  lofty  mountain  peak,  and  the  greatest  depth  of  the 
ocean,  would  be  represented  by  a  protuberance  or  a  hole  having  no 
greater  elevation  or  depth  than  15-iooths,  or  about  the  seventh 
part  of  an  inch.  The  general  elevation  of  a  continent  would  be 
fiedrly  represented  by  a  leaf  of  paper  pasted  upon  the  surface,  having 
the  thickness  of  less  than  the  fiftieth  of  an  inch ;  and  a  depression 
of  little  greater  amount  would  express  the  depth  of  the  general  bed 
of  the  sea. 

It  will  therefore  be  apparent,  that  the  departure  of  such  a  model 
from  the  true  form  of  a  globe  would  be  in  all,  save  a  strictly  geo- 
metrical sense,  absolutely  insignificant. 

62.  Selative  dlznenslons  of  tlie  atmospliere. — The  surface 
of  the  earth  is  covered  by  an  ocean  of  air  which  floats  upon  it^  as 
the  waters  of  the  seas  rest  upon  their  solid  bed.  The  density  of 
this  fluid  is  greatest  in  the  stoitum  which  is  in  immediate  contact 
with  the  surface  of  the  land  and  water  of  the  earth,  and  it  di- 
minishes in  a  very  rapid  ratio  in  ascending,  so  that  one  half  of  the 
entire  atmosphere  is  included  in  the  strata  whose  height  is  within 
3}  miles  of  tiie  surface.  At  an  altitude  of  80  miles,  or  the  hun- 
^dth  part  of  the  earth's  diameter,  the  rarefaction  must  be  so  ex- 
treme, that  neither  animal  life  nor  combustion  could  be  main- 
tained. 

The  atmosphere,  being  then  limited  to  such  a  height,  would  be 
represented  on  the  moddi  above  described  by  a  stratum  two  inches 
and  a  half  thick. 

63.  Xf  tbe  earth  moved,  bow  could  its  motloa  be  per- 
oeiTedT — Nothing  is  more  repugnant  to  the  flrst  impressions  re- 
ceived firom  the  aspect  of  the  surface  of  the  earth,  and  all  upon  i1^ 
than  the  idea  that  it  is  in  motion.  But  if  this  universal  impression 
be  traced  to  its  origin,  and  rightly  interpreted,  it  will  not  be  found 
erroneous,  and  will  form  no  exception  to  the  general  maxim  which 
induces  all  persons,  not  even  excepting  philosophers,  to  regard  with- 
out disrespect  notions  which  have  obtained  universal  popular  ac- 
ceptation. 

What  is  the  stability  and  repose  ascribed  by  the  popular  judg- 
ment to  the  earth  P    Bepose  certainly  absolute,  so  far  as  regards  all 
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objects  of  vulgar  or  popular  contemplation.  It  is  maintained^  and 
maintained  truly^  that  eyerything  upon  the  earthy  so  far  as  the 
agency  of  external  causes  is  concerned,  is  at  relative  rest.  Hills, 
mountains,  and  valleys,  oceans,  seas,  and  rivers,  as  well  as  all  artificial 
structures,  are  in  relative  repose ;  and  if  our  observation  did  not  ex- 
tend to  objects  exterior  to  the  globe,  the  popular  maxim  would  be 
indisputable.  But  the  astronomer  contemplates  objects  which 
either  escape  the  attention  of,  or  are  imperfectly  known  to  man- 
kind in  general;  and  the  phenomena  which  attend  these  render  it 
manifest,  th|tt  while  the  earth,  in  relation  to  all  objects  upon  it  and 
forming  part  of  it,  is  at  rest,  it  is  in  motion  with  relation  to  all  the 
other  bodies  of  the  universe. 

The  motion  of  objects  external  to  the  observer  is  perceived  by 
the  sense  of  sight  only,  and  is  manifested  by  the  relative  displace- 
ment it  produces  among  the  objects  affected  by  it,  with  relation  to 
objects  around  them  which  are  not  in  motion,  and  with  relation  to 
each  other.  Motions  in  which  the  person  of  the  observer  partici- 
pates may  affect  the  senses  both  of  feeling  and  sight  The  feeling 
is  affected  by  the  agitation  to  which  the  body  of  the  observer  is  ex- 
posed. Thus,  in  a  carriage  which  starts  or  stops,  or  suddenly  in- 
creases or  slackens  its  speed,  the  matter  composing  the  person  of 
the  observer  has  a  tendency  to  retain  the  motion  which  it  had  pre- 
vious to  the  change,  and  is  accordingly  affected  with  a  certain  force, 
as  if  it  were  pushed  or  drawn  from  rest  in  one  direction  or  the  other. 
But  once  in  a  state  of  uniform  motion,  the  sense  of  feeling  is  only 
affected  by  the  agitation  proceeding  from  the  inequalities  of  the 
road.  If  these  inequalities  are  totally  removed,  as  they  are  in  a 
boat  drawn  at  a  uniform  rate  on  a  canal,  the  sense  of  feeling  no 
longer  affords  any  evidence  whatever  of  the  motion. 

A  remarkable  example  of  the  absence  of  all  consciousness  of 
motion,  so  far  as  mere  feeling  is  concerned,  is  presented  to  all  who 
have  ascended  in  a  balloon.  As  the  aerial  vehicle  floats  with  the 
stratum  of  the  air  in  which  it  is  suspended,  the  feeling  of  the 
aeronaut  is  that  of  the  most  absolute  repose.  The  balloon  seems 
as  fixed  and  immovable  as  the  solid  globe  itself,  and  nothing  could 
produce  in  the  voyager,  blindfolded,  any  consciousness  whatever  of 
motion.  When  however  his  eyes,  unbandaged,  are  turned  down- 
wards, he  sees  the  vast  diorama  below  moving  under  him.  Fields 
and  woods,  villages  and  towns  pass  in  succession,  and  the  pheno- 
mena are  such  as  to  impress  on  the  eye,  and  through  the  eye  upon 
the  mind,  the  conviction  that  the  balloon  is  stationary,  and  the 
earth  moving  under  it.  A  certain  effort  of  the  understanding, 
slight,  it  is  true,  but  still  an  effort,  is  required  to  arrive  at  the  in- 
ference that  the  impression  thus  produced  on  the  sense  of  vision  is 
an  illadon;  that  the  motion  with  which  the  landscape  seems  to  be 
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afiected  is  one  wHcli  in  reality  affects  the  balloon  in  which  the 
spectator  is  suspended^  and  that  this  motion  is  equal  in  speedy  and 
contrary  in  direction^  to  that  which  appears  to  affect  the  subjacent 
oountiy. 

Now  it  will  be  evident^  that  if  the  globe  of  the  earthy  and  all 
upon  it;  were  floating  in  space^  and  moying  in  any  direction  at  any 
uniform  rate,  no  consciousness  of  such  motion  could  affect  any  sen- 
sitive  being  upon  it.  All  objects  partaMng  in  common  in  such 
motion^  no  more  derangement  among  them  would  ensue  than 
among  the  persons  and  objects  transported  in  the  car  of  theballoon^ 
where  the  aeronaut^  no  matter  what  be  the  speed  of  the  motion^  can 
fill  a  glass  to  the  brim  as  easily  as  if  he  were  upon  the  solid  ground. 
Supposing;  theu;  that  the  earth  were  affected  by  any  motion  in 
wMch  all  objects  upon  it;  including  the  waters  of  the  oceau;  the 
atmosphere;  and  douds;  would  all  participate;  would  the  existence 
of  such  a  motion  be  perceived  by  a  spectator  placed  upon  the  earth 
who  would  himself  partake  of  it  P  It  is  clear  that  he  must  remain 
for  ever  unconscious  of  it;  unless  he  could  find  within  the  range  of 
his  yision  some  objects  which;  not  partaking  of  the  motion;  would 
appear  to  have  a  motion  contrary  to  that  which  the  observer  has  in 
common  with  the  earth. 

But  such  objects  are  only  to  be  looked  for  in  the  regions  of  space 
beyond  the  limits  of  the  atmosphere.  We  find  them  in  the  suu;  the 
moou;  the  starS;  and  all  the  objects  which  the  firmament  presents. 
Whatever  motion  the  earth  may  have  will  impart  to  all  these  dis- 
tant objects  the  appearance  of  a  motion  in  the  contraiy  direction. 


CHAPTER  IV. 

SPHBBOIDAL  FORM,  MASS,  AND  DENSITT  OF  THE  EABTB; 

64.  Progress  of  pbysloal  iiiTestigratloa  approzlmatlTe. — 

It  is  the  condition  of  man;  and  probably  of  all  other  finite  intelli- 
gences; to  arrive  at  the  possession  of  knowledge  by  the  slow  and 
laborious  process  of  a  sort  of  system  of  trial  and  error.  The  first 
conclusions  to  which;  in  physical  enquiries;  observation  conducts  uS; 
are  never  better  than  very  rough  approximations  to  the  truth. 
These  being  submitted  to  subsequent  comparison  with  the  originals^ 
undergo  a  first  series  of  corrections;  the  more  prominent  and  con- 
spicuous departures  from  conformity  being  removed.  A  second 
approximation;  but  still  only  an  approximation;  is  thus  obtained ; 
and  another  and  still  more  severe  comparison  with  the  phenomena 
imder  investigation  is  made;  and  another  order  of  corrections  is 
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e^cted;  and  a  doser  approximation  obtained.  Nor  does  this  pro- 
gressive approach  to  perfect  exactitude  appear  to  have  any  limit. 
The  best  results  of  our  intellectual  labours  are  still  only  close 
resemblances  to  truth,  the  absolute  perfection  of  which  is  probably 
reserved  for  a  higher  intellectual  state. 

The  labours  of  the  physical  inquirer  resemble  those  of  the 
sculptor,  whose  first  effi)rts  produce  from  the  block  of  marble  a  rude 
and  uncouth  resemblance  of  the  human  form,  which  only  approaches 
the  grace  and  beauty  of  nature  by  comparing  it  incessantly  and 
indefatigably  with  the  original ;  detaching  from  it  first  the  grosser 
and  rougher  protuberances,  and  subsequently  reducing  its  parts  by 
the  nicer  and  more  delicate  touches  of  the  cMsel  to  near  confoimity 
with  the  modeL 

It  would  however  be  a  great  mistake  to  depreciate  on  this  account 
the  results  of  our  first  efforts  in  the  acquisition  of  a  knowledge  of 
the  laws  of  nature.  If  the  first  conclusions  at  which  we  arrive  are 
erroneous,  they  are  not  therefore  the  less  necessaiy  to  the  ultimate 
attainment  of  more  exact  knowledge.  They  prove,  on  the  contrary, 
not  only  to  be  powerful  agents  in  tiie  discovery  of  those  corrections 
to  which  they  are  themselves  to  be  submitted,  but  to  be  quite 
indispensable  to  our  progress  in  the  work  of  investigation  and  dis- 
covery. 

These  observations  will  be  illustrated  by  the  process  of  instruction 
and  discovery  in  every  department  of  physical  science,  but  in  none 
80  frequently  and  so  forcibly  as  in  that  which  now  occupies  us. 

65.  Tigure  of  tlie  earCb  an  ezaznple  of  this. — The  first  con- 
clusions at  which  we  have  arrived  respecting  the  form  of  the  earth 
is  that  it  is  a  globe ;  and  with  respect  to  its  motion  is,  that  it  is  in 
uniform  rotation  round  one  of  its  diameters,  making  one  complete 
revolution  in  twenty-four  hours  sidereal  time,  or  23**  56"  4"09 
common  or  civil  time. 

66.  CUobnlar  Agnre  Incompatible  wltli  rotation. — The  first 
question  then  which  presents  itself  is,  whether  this  form  and 
rotation  are  compatible  P  It  is  not  difficult  to  show,  by  the  most 
simple  principles  of  physics,  that  they  are  not ;  that  with  such  a 
form  such  a  rotation  could  not  be  maintained,  and  that  with  such  a 
xotation  such  a  form  could  not  permanentiy  continue.  And  if  this 
ean  be  certainly  established,  it  will  be  necessaiy  to  retrace  our 
steps,  to  submit  our  former  conclusions  to  more  rigorous  comparison 
witii  the  objects  and  phenomena  from  which  they  were  derived,  and 
ascertain  which  of  them  is  inexact,  and  what  is  the  modification 
and  correction  to  which  it  must  be  submitted  in  order  to  be  brought 
into  harmony  with  the  other. 

67.  Xotation  cannot  be  modified  —  anppoaed  form  may. — 
The  ocmdusion  that  the  earth  revolves  on  its  aads  with  a  motion 
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correspoiidiiig  to  tlie  apparent  rotation  of  the  firmament^  is  one  which 
admits  of  no  modificalion^  and  must  &om  its  nature  be  either  ab- 
solutely admitted  or  absolutely  rejected.  The  globular  form  im- 
puted to  the  earthy  howeyer,  has  been  inferred  for  observations  of  a 
general  nature^  unattended  by  any  conditions  of  exact  measurement^ 
and  which  would  be  equally  compatible  with  innumerable  forms^ 
departing  to  a  yeiy  considerable  and  measurable  extent  from  that 
of  an  exact  geometrical  sphere  or  globe. 

68.  Bow  rotation  would  affect  tlie  snperflolal  craTitj  on 
a  fflobe. — Let  K  Q  s,  ^  20.;  represent  a  section  of  a  globe  sup- 
posed to  have  a  motion  of  rota- 
tion round  the  diameter  K  s  as 
an  axis.  Every  point  on  its  sur- 
faMy  such  as  p  or  p',  will  revolve 
in  a  cirdc;  the  centre  of  which 
COT  (/  will  beupon  the  axis^ and 
the  radius  0  p  or  0^  p^  will  gra- 
dually decrease  in  approaching 
the  poles  K  and  s^  where  no  mo- 
tion takes  place;  and  will  gradu- 
ally increase  in  approaching  the 
equator  a  0  Q,  where  the  circle  of 
rotation  will  be  the  equator  itself. 

A  body  placed  at  any  part  of  the  surface^  such  as  P^  being  thus 
carried  round  in  a  circle^  will  be  affected  by  a  centrifugal  force^ 
the  intensity  of  which  will  be  expressed  by  (M.  314) 

where  b=p  0,  the  radius  of  the  circle,  N  the  fraction  of  a  revo- 
lution made  in  one  second,  and  w  the  weight  of  the  body,  aad  the 
direction  of  which  is  p  (?. 

This  centrifugal  force  being  expressed  by  p  <?  is  equivalent(M.  1 66), 
to  two  forces  expressed  in  intensity  and  direction  by  p  w  and  p  ». 
The  component  p  m  is  directly  opposed  to  the  weight  w  of  the  body, 
which  acts  in  the  line  p  0  directed  to  the  centre,  and  has  the  effect 
of  diminishing  it.  The  component  p  n  being  directed  towards  the 
equator  o,  has  a  tendency  to  cause  the  body  to  move  towards  the 
equator ;  and  the  body,  if  free,  would  necessarily  so  move. 

Now  it  will  be  evident,  by  the  mere  inspection  of  the  diagram, 
that  the  nearer  the  point  p  is  to  the  equator  Q,  the  more  directly 
will  the  centrifugal  force  p  c  be  opposed  to  the  weigh^  and  con- 
sequently the  greater  will  be  that  component  of  it,  p  m,  which 
will  have  the  effect  of  diminishing  the  weight 

But  this  diminution  of  the  weight  is  further  augmented  by  the 
Increase  of  the  actual  intensity  of  the  centrifugal  force  itself  in 
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approaching  the  equator.  By  the  above  formula,  it  appears  that 
the  intensity  of  the  centrifugal  force  must  increase  in  proportion 
as  the  radius  b  or  p  o  increases.  Now  it  is  apparent  that  p  o 
increases  gradually  in  going  from  P  to  d;  since  P^  o'  is  greater^  and  Q  o 
greater  still  than  p  o;  and  that,  on  the  other  hand^  it  decreases  in 
going  from  p  to  N  or  s,  where  it  becomes  nothing. 

Thus  the  effect  of  the  centrifugal  force  in  diminishing  weight 
being  nothing  at  the  pole  N  or  s,  gradually  increases  in  approachLig 
the  equator  jjtrst,  because  its  absolute  intensity  gradually  increases ; 
and  secondly y  because  it  is  more  and  more  directly  opposed  to  gravity 
until  we  arrive  at  the  equator  itself,  where  its  intensity  is  greatest^ 
and  where  it  is  directly  opposed  to  gravity. 

The  effects,  therefore,  produced  by  the  rotation  of  a  globe^  such 
as  the  earth  has  been  assumed  to  be,  are  —  ist.  The  decrease  of 
the  weights  of  bodies  upon  its  surface,  in  going  from  the  pole  to  the 
equator ;  and  zndly,  A  tendency  of  all  such  bodies  as  are  free^  to 
move  frt)m  higher  latitudes  in  either  hemisphere  towards  the 
equator. 

69.  Tbe  figrore  must  be  some  sort  of  oblate  spberoid.  — 
Now  the  effects  produced  by  centrifugal  force  caused  by  the  rota- 
tion of  the  earth,  would  be  fulfilled  if,  instead  of  being  an  exact 
sphere^  it  were  an  oblate  spheroid,  having  a  certain  definite  elliptic 
ciiy, — that  is,  a  figure  which  would  be  produced  by  an  ellipse 
revolving  round  its  shorter  axis.  Such  a  figure  would  resemble  an 
orange  or  a  turnip.  It  would  be  more  convex  at  the  equator  than 
at  the  poles.  A  globe  .composed  of  elastic  materials  would  be 
reduced  to  such  a  figure  by  pressing  its  poles  together  so  as  to 
flatten  more  or  less  the  surface  of  these  points,  and  produce  a  pro- 
tuberance around  the  equator.  The 
meridians  of  such  a  globe  would  be 
ellipses,  having  its  axis  as  their  lesser 
axis,  and  the  diameters  of  the  equator 
as  their  greater  axes. 

The  form  of  the  meridian  would 
be  such  as  is  represented  in^.  21^ 
N  s  being  the  axis  of  rotation,  and 
'*'  *'*  M  Q  the  equatorial  diameter. 

70.  Its  ellipticlty  most  depend  on  grravtty  and  oentrlftipal 
foree, — The  protuberance  around  the  equator  may  be  more  or  less, 
according  to  the  ellipticiiy  of  the  spheroid ;  but  since  the  distribu- 
tion of  laad  and  water  is  indifferent  on  the  surface,  having  no 
prevalence  about  the  equator  rather  than  about  the  poles,  or  vice 
versd,  it  is  evident  that  the  degree  of  protuberance  must  be  that 
which  counteracts,  and  no  more  than  counteracts,  the  tendency  of 
the  fluids^  in  virtue  of  the  centrifugal  force,  to  flow  towards  the 
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equator.  This  protuberance  may  be  considered  83  equivalent  in  its 
effects  to  an  accliviiy  of  regulated  inclination^  rising  irom  each 
pole  towards  the  equator.  To  arrive  at  the  equator  the  fluid  must 
ascend  this  acclivity,  to  which  ascent  gravity  opposes  itself,  with  a 
force  depending  on  its  steepness,  which  increases  with  the  magni- 
tude of  the  protuberance,  or,  what  is  the  same,  with  the  ellipti- 
city  of  the  spheroid.  If  the  ellipticily  be  less  than  is  necessary  to 
counteract  the  effect  of  the  centrifugal  force,  the  fluid  will  still 
flow  to  the  equator,  and  the  earth  would  consist,  as  before,  of  a 
great  equatorial  ocean  separating  two  vast  polar  continents.  If  the 
ellipticity  were  ffreater  than  is  necessary  to  counteract  the  effect  of 
the  centrifugal  force,  then  gravity  would  prevaU  over  the  centri- 
fiigal  force,  and  the  waters  would  flow  aown  the  acclivities  of  the 
excessive  protuberance  towards  the  poles,  and  the  earth  would 
consist  of  a  vast  equatorial  continent  separating  two  polar  oceans. 

Since  the  geographical  condition  of  the  surface  of  the  earth  is 
not  consistent  with  either  of  these  consequences,  it  is  evident 
that  its  figure  must  be  an  oblate  spheroid,  having  an  ellipticity 
exactly  corresponding  to  the  variation  of  gravity  upon  its  surface, 
due  to  the  combined  effect  of  the  attraction  exerted  by  its  consti- 
tuent parts  upon  bodies  placed  on  its  surface,  and  the  centrifugal 
force  arising  from  its  diurnal  rotation. 

It  remains,  therefore,  to  determine  what  this  particular  degree  of 
ellipticity  is,  or,  what  is  the  same,  to  determine  by  what  fraction 
of  its  whole  length  the  equatorial  diameter  m  a  exceeds  the  polar 
axisNS. 

71.  Slllpticity  may  be  calculated  and  measured,  and  tlie 
results  compared. — The  degree  of  ellipticity  of  the  terrestrial 
spheroid  may  be  found  by  theory,  or  ascertained  by  observation 
and  measurement,  or  by  both  these  methods,  in  which  case  the  ac- 
cordance or  discrepancy  of  the  results  will  either  prove  the  validity 
of  the  reasoning  on  which  the  theoretical  calculation  is  founded,  or 
indicate  the  conditions  or  data  in  such  reasoning  which  miust  be 
modified. 

Both  these  methods  have  accordingly  been  adopted,  and  their 
results  are  found  to  be  in  complete  harmony. 

72.  Bllipticlty  calculated.  —  The  several  quantities  which  are 
involved  in  this  problem  are :  — 

1 .  The  time  of  rotation  =sB  . 

2.  The  fraction  of  its  whole  length  by  which  the  equatorial 

exceeds  the  polar  diameter=  e.  ^ 

3.  The  fraction  of  its  whole  weight  by  which  the  weight  of  a 

body  at  the  pole  exceeds  the  weight  of  the  same  body  at 
the  equator  =  w, 

4.  The  mean  density  of  the  earth. 
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5.  The  law  according  to  which  the  density  of  the  strata  varies 
in  proceeding  from  the  surface  to  the  centre. 

All  these  quantities  have  such  a  mutual  dependence^  that  when 
flome  of  them  are  given  or  known,  the  others  may  be  found. 

In  whatever  way  the  solution  of  the  problem  may  be  approached, 
it  is  evident  that  ^e  form  of  the  spheroid  must  be  the  same  as  it 
would  be  if  the  entire  mass  of  the  earth  were  fluid.  If  this  were 
not  so,  the  parts  actually  fluid  would  not  be  found,  as  they  are 
always,  in  local  equilibrium.  The  state  of  relative  density  of  the 
strata  proceeding  from  the  surface  to  the  centre  is,  however,  not  so 
evident.  Newton  investigated  the  question  by  ascertaining  the 
form  which  the  earth  woidd  aseume  if  it  consisted  of  fluid  matter 
of  uniform  density  from  We  sur&ce  to  the  centre ;  and  the  result  of 
his  analysis  was  that,  in  that  case,  assuming  the  time  of  rotation  to 
be  what  it  is,  the  equatorial  diameter  must  exceed  the  polar  by  the 
230th  part  of  its  whole  length,  and  gravity  at  the  pole  must  exceed 
gravity  at  the  equator  by  the  same  fraction  of  its  entire  force. 

As  physical  science  progressed,  and  mathematical  analysis  was 
brought  to  a  greater  state  of  perfection,  the  same  problem  was 
investigated  by  Clairault  and  several  other  mathematicians,  imder 
more  rigorous  conditions.  The  uniform  density  of  the  constituents 
of  the  earth — a  highly  improbable  supposition  —  was  put  aside,' 
and  it  was  assumed  that  the  successive  strata  from  the  centre  to 
the  surface  increased  in  density  according  to  some  undetermined 
conditions.  It  was  assumed  that  the  mutual  attraction  of  all  the 
constituent  parts  upon  any  one  part,  and  the  effect  of  the  centri- 
fugal force  arising  from  the  rotation,  are  in  equilibrium;  so  that 
every  particle  composing  the  spheroid,  from  its  centre  to  its  surface, 
is  in  repose,  and  would  remain  so  were  it  free  to  move. 

By  a  complicated  and  very  abstruse,  but  perfectly  dear  and  cer- 
tain mathematical  analysis,  it  has  been  proved  that  the  quantities 
above  mentioned  have  the  following  relation.  Let  r  express  a  cer- 
tain number,  the  amount  of  which  will  vary  with  B.  "We  shall 
then  have 

Now  it  has  been  shown  that  when  B=23**  56"  4"09,  the  nimiber 
r  will  be  .^,  so  that  in  effect 

This  result  was  shown  to  be  true,  whatever  may  be  the  law  ac- 
cording to  idiieh  the  density  of  the  strata  varies. 

It  fiuther  results  from  these  theoretical  researches  that  the  mean 
density  of  the  entire  terrestrial  spheroid  is  about  twice  the  mean 
^iamty  of  its  superficial  crost 
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It  follows  from  this  that  the  density  of  its  central  paria  must 
gxeadj  exceed  twice  the  density  of  its  crust. 

It  lemainS;  therefore,  to  see  how  far  these  results  of  theory 
are  in  accordance  with  those  of  actual  observation  and  measure- 
ment. 

73.  Bllipttoity  of  terrestrial  spberoid  hj  obser^atton  and 
meararement.  —  If  a  terrestrial  meridian  were  an  exact  circle,  as 
it  would  necessarily  be  if  the  earth  were  an  exact  globe,  every  part 
of  it  would  have  the  same  curvature.  But  if  it  were  an  ellipse,  of 
which  the  polar  diameter  is  the  lesser  axis,  it  would  have  a  vary- 
ing curvature,  the  convexity  being  greatest  at  the  equator,  and 
least  at  the  poles.  If,  then,  it  can  be  ascertained  by  observation, 
that  the  curvature  of  a  meridian  is  not  omiform,  but  that  on  the 
contraiy  it  increases  in  going  towards  the  Line,  and  diminishes  in 
going  towards  the  poles,  we  shall  obtain  a  proof  that  its  form  is 
that  of  an  oblate  spheroid. 

To  comprehend  the  method  of  ascertaining  this,  it  must  be  con- 
sidered that  the  curvature  of  circles  diminishes  as  their  diameters 
axe  augmented.  It  is  evident  that  a  circle  of  one  foot  in  diameter 
has  a  less  degree  of  curvature,  and  is  less  convex  than  a  circle  one 
inch  in  diameter.  But  an  arc  of  a  circle  of  a  given  angular  magni- 
tude, such  for  example  as  1°,  has  a  length  proportional  to  the  dia- 
meter. Thus,  an  arc  of  1°  of  a  circle  a  foot  in  diameter,  is  twelve 
times  the  length  of  an  arc  of  i^  of  a  circle  an  iach  in  diameter. 
The  curvature,  therefore,  increases  as  the  length  of  an  arc  of  1°  di- 
minishes. 

If,  therefore,  a  degree  of  the  meridian  be  observed,  and  measured, 
by  the  process  already  explained  (58),  at  different  latitudes,  and  it 
is  found  that  its  length  is  not  uniformly  the  same  as  it  would  be  if 
the  meridian  were  a  circle,  but  that  it  is  less  in  approaching  the 
equator,  and  greater  in  approaching  the  pole,  it  will  follow  that  the 
convexity  or  curvature  increases  towards  the  equator,  and  dimi- 
nishes towards  the  poles ;  and  that  consequently  the  meridian  has 
the  form,  not  of  a  circle,  but  of  an  ellipse,  the  lesser  axis  of  which  is 
the  polar  diameter. 

Such  observations  have  accordingly  been  made,  and  the  lengths 
of  a  degree  in  various  latitudes,  from  the  Line  to  66°  N.  and  to  35° 
S.,  have  been  measured,  and  found  to  vary  from  363,000  feet  on 
the  Line  to  367,000  feet  at  lat.  66°. 

From  a  comparison  of  such  measurements,  it  has  been  ascertained 
that  the  equatorial  diameter  of  the  spheroid  exceeds  the  polar  by 
thj  of  its  length.    Thus  (72) 
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74.  Varlatton  of  iTavlty  hj  observatton. — The  manner  in 
which  the  variation  of  the  intensity  of  superficial  gravity  at 
different  latitudes  is  ascertained  by  means  of  the  pendulum^  has 
been  explained  in  M.  505.  From  a  comparison  of  these  observa- 
tions it  has  been  inferred  that  the  effective  weight  of  a  body  at  the 
pole  exceeds  its  weight  at  the  equator  by  about  the  yir^^  *  P^  ^^ 
the  whole  weight. 

75.  Accordance  of  fbese  results  witb  fbeory. — By  compar- 
ing these  results  with  those  obtained  by  Newton^  on  the  supposi- 
tion of  the  uniform  density  of  the  earthy  a  discrepancy  will  be 
found  sufficient  to  prove  the  falsehood  of  that  supposition.  The 
value  of  e  found  by  Newton  is  ^^y  its  actual  value  being  ^^^  and 
that  of  w  ^^,  its  actual  value  being  y^. 

On  the  other  hand;  the  accordance  of  these  results  of  observation 
and  measurement  with  the  more  rigorous  conclusions  of  later 
researches  is  complete  and  striking;  for  instance^  if  in  the  relation 
between  e  and  w,  explained  in  (72),  we  substitute  for  w  the  value 
ihrj  determined  by  observation^  we  find  the  result  as  the  value  for 
e,  which  is  obtained  by  computation  founded  on  measurement^  to  be 
also,  ,^. 

76.  Actual  linear  dimensions  of  tbe  terrestrial  spberoid. — 
It  is  not  enough  to  know  the  proportions  of  the  earth.  It  is  re- 
quired to  determine  the  actual  dimensions  of  the  spheroid.  The 
following  are  the  lengths  of  the  polar  and  equatorial  diameters, 
according  to  the  computations  of  the  most  eminent  and  recent 
authorities :  — 


Bend. 

Aby. 

Polar  diameter    .... 
Equatorial  diameter      ... 
Absolute  difference        ... 
Excess  of  the  equatorial  expressed  in  ) 
a  fraction  of  its  entire  length         -  3 

Miles. 

7899IH 

791c  604 

a6-490 

I 

Miles. 
7899170 

79*5*648 

26-47« 

I 

299*  19Z 

a99J30 

The  close  coincidence  of  these  results  supplies  a  striking  example 
of  the  precision  to  which  such  calculations  have  been  brought. 

The  departure  of  the  terrestrial  spheroid  from  the  form  of  an  ex- 
act globe  is  so  inconsiderable  that,  if  an  exact  model  of  it  turned 
in  ivory  were  placed  before  us,  we  could  not,  either  by  sight  or 
touch,  distinguish  it  from  a  perfect  billiard  ball.  A  figure  of  a 
meridian  accurately  drawn  on  paper  could  only  be  distinguished 

*  Different  valaes  are  assigned  to  this  — Sir  John  Herschel  prefers  ^, 
the  Astronomer  Boyal  ^  j^.    We  have  taken  a  mean  between  these  estimates. 
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firom  a  circle  by  the  most  precise  measurement.  If  the  major  axis 
of  sach  an  ellipse  were  equal  in  length  to  the  page  now  imder  the 
eye  of  the  reader^  the  lesser  axis  would  fall  short  of  the  same  length 
less  than  the  fortieth  of  an  inch. 

77.  Bimeiuiioiui  of  fbe  spberoidal  equatorial  excess.  —  If 
a  sphere  Kqsqhe  imagined  to  be  inscribed  within  the  terrestrial 
spheroid  having  the  polar  axis  K  B,Jlff»  22.,  for  its  diameter,  a  sphe- 
roidal shell  will  be  included 
between  its  surfiace  and  that  of 
the  spheroid  composed  of  the 
protuberant  matter,  having  a 
thickness  a  g^  of  26  nules  at  the 
equator,  and  becoming  gradu- 
allj  thinner  in  proceeding  to 
the  poles,  where  its  thickness 
Tanishes.  This  shell,  which 
constitutes  the  equatorial  ex-  Fi^^, 

cess  of  the  spheroid,  and  which 

bas  a  density  not  more  than  half  the  mean  density  of  the  earth,  the 
bulk  of  which,  moreover,  would  be  imperceptible  upon  a  mere 
inspection  of  the  spheroid,  is  nevertheless  attended  with  most 
important  effects,  and  by  its  gravitation  is  the  origin  of  most 
striking  phenomena  not  only  in  relation  to  the  moon,  but  also  to 
the  far  more  distant  mass  of  the  sun.    ' 

78.  Density  and  mass  of  tbe  eartb  hy  observation. — The 
magnitude  of  the  earth  being  known  with  great  precision,  the  de- 
termination of  its  mass  and  that  of  its  mean  density  become  one  and 
the  same  problem,  since  the  comparison  of  its  mass  with  its  magni- 
tude will  give  its  mean  density,  and  the  comparison  of  its  mean 
density  with  its  magnitude  will  give  its  mass. 

The  methods  of  ascertaining  the  mass  or  actual  quantity  of 
matter  contained  in  the  earth  are  all  based  upon  a  comparison  of 
the  gravitating  force  or  attraction  which  the  earth  exerts  upon  an 
object  with  the  attraction  which  some  other  body,  whose  mass  is 
exactly  known,  exerts  on  the  same  object.  It  is  assumed,  as  a 
postulate  or  axiom  in  physics,  that  two  masses  of  matter  which  at 
equal  distances  exert  equal  attractions  on  the  same  body  must  be 
equal.  But  as  it  is  not  always  possible  to  bring  the  attracting 
and  attracted  bodies  to  equal  cUstaiices,  their  attractions  at  unequal 
distances  may  be  observed,  and  the  attractions  which  they  would 
exert  at  equal  distances  may  be  thence  inferred  by  the  general  law 
of  gravitation,  by  which  the  attraction  exerted  by  the  same  body 
increases  as  the  square  of  the  distance  from  it  is  diminished. 

79.  Br.  Maskelyne's  solution  by  tbe  attraction  of  Sobebal- 
lien. — This  celebrated  problem  consisted  in  determining  the  ratio 
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of  the  mean  density  of  a  mountain  called  Sdiehallien^  in  Perthshire^ 
to  that  of  the  earthy  by  ascertaining  the  amount  of  liie  deviation  of 
a  plumb-line  from  the  direction  of  the  true  vertical  produced  by 
the  local  attraction  of  the  mountain. 
To  render  this  method  practicable^  it  is  necessary  that  the  moun- 


s  ^ — 


z 


2 


tain  selected  be  a  solitary  one,  standing  on  an  eztensiye  plain,  since 
otherwise  the  deviation  of  the  plumb-line  would  be  affected  by 
neighbouring  eminences  to  an  extent  which  it  might  not  be  possible 
to  estimate  with  the  necessaiy  precision.  It  was  considered  by 
Dr.  Maskelyne  that  no  eminence  sufficiently  considerable  exists 
near  enough  to  Schehallien  to  produce  such  cUlsturbance. 

The  accuracy  of  this  inference  is  however  rather  doubtfuL  Mr. 
.Airy,  who  has  personally  examined  the  mountain,  says :  ^'  The 
mountain  is  nearly  surrounded  by  other  moimtains,  of  which  one  is 
much  higher  than  itself;  the  geology  also  of  the  country  is  compli- 
cated." The  exact  disturbance  due  to  the  attraction  of  the  moun- 
ttain  would  for  Hhem  reasons  be  extremely  difficult  to  discover. 
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The  mountain  Tanging  east  and  west,  two  stations  were  selected 
on  its  northern  and  southern  acclivities,  so  as  to  be  in  the  same 
meridian,  or  yeiy  nearly  so.  A  plumb-line,  attached  to  an  instrument 
called  a  zenith  sector,  adapted  to  measure  with  extreme  accuracy 
small  zenith  distances,  was  brought  to  each  of  these  stations,  and 
tiie  distance  of  the  same  star,  seen  upon  the  meridian  fix)m  the 
directions  of  the  plumb-line,  were  observed  at  both  places. 

The  dijBTerence  between  those  distances  gave  the  angle  under  the 
two  directions  of  the  plumb-line.  This  will  be  more  dearly  under- 
stood by  reference  to^^.  23,  where  P  and  p'  represent  the  points 
of  suspension  of  the  two  plumb-lines.  If  the  mountain  were  re- 
moved, they  would  hang  in  the  directions  p  0  and  P'  0  of  the  earth's 
centre,  and  their  directions  would  be  inclined  at  the  angle  p  0  p^. 
But  the  attraction  exerted  by  the  interjacent  mass  produces  on 
each  side  a  slight  deflection  towards  the  mountain,  so  that  the  two 
directions  of  the  plumb-line,  instead  of  converging  to  the  centre  of 
the  earth  0,  converge  to  a  point  c  nearer  to  the  surface,  and  form 
with  each  other  an  angle  pcp^  greater  than  pop^  by  the  sum  of 
the  two  deflections  c  p  c  and  c  p^  c. 

Now  by  means  of  the  zenith  sector  the  distances  s  z  and  s  z'  of 
the  points  z  and  z^  from  any  star  such  as  s,  can  be  observed  with 
a  precision  so  extreme  as  not  to  be  subject  to  a  greater  error  than 
a  small  fraction  of  a  second.  The  diflerence  of  these  distances 
will  be  — 

sz'  — sz=zz', 

the  apparent  distance  between  the  two  points  z  and  z'  on  the 
heavens  to  which  the  plumb-line  points  at  the  two  stations.  This 
distance  expressed  in  seconds  gives  the  magnitude  of  the  angle 
p  c  p^  formed  by  the  directions  of  the  plumb-line  at  the  two  stations, 
which  is  the  sum  of  the  deflection  produced  by  the  local  attraction 
of  the  mountain. 

If  the  moimtain  were  not  present,  the  angle  pcp^  could  be 
ascertained  by  the  zenith  sector ;  but  as  the  indications  of  that 
instrument  have  reference  to  the  direction  of  the  plumb-line,  it  is 
rendered  inapplicable  in  consequence  of  the  disturbing  effect  of  the 
mountain. 

To  determine  the  magnitude  of  the  angle  p  0  p^,  therefore,  the 
direct  distance  between  the  stations  p  and  p^  is  ascertained  by 
making  a  survey  of  the  mountain  which,  as  will  presently  appear, 
is  also  necessary,  in  order  to  determine  its  exact  volume.  For 
every  hundred  feet  in  the  distance  between  p  and  p'  there  will  be 
i^^  in  the  angle  p  0  p^  (60).  Finding,  therefore,  the  direct  distance 
between  p  and  p^  in  feet,  and  dividiiig  it  by  100^  we  shall  have 
the  angle  p  op'  in  seconds. 
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In  the  case  of  the  experiment  of  Br.  Maskdyne^  which  was  made 
in  1774;  the  angle  PCP^was  found  to  be  j^i^',  and  the  angle 
p  c  p^  5  3'^    The  sum  of  the  two  deflections  was  therefore  1 2'' . 

The  survey  of  the  moimtain  supplied  the  data  necessary  to  de- 
termine its  actual  volume  in  cubic  miles^  or  fraction  of  a  cubic  mile. 
An  elaborate  examination  of  its  stratification^  by  means  of  sections^ 
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Fig.  24. 

borings^  and  the  other  tunial  methods^  supplied  the  data  necessary 
to  determine  the  weights  of  its  component  parts,  and  thence  the 
weight  of  its  entire  volume  i  and  the  comparison  of  this  weight 
with  its  Tolume  gaye  its  mean  density. 
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The  mean  density  of  tlie  earth  resulting  from  this  experiment  is 
about  five  times  that  of  water. 

80.  CavendUb's  solntion.  —  At  a  later  period  Cavendish  made 
the  experiment  which  bears  his  name^  in  which  the  attraction 
exerted  by  the  earth  upon  a  body  on  its  surface  was  compared  with 
the  attraction  exerted  by  a  large  metallic  ball  on  the  same  body ; 
and  this  experiment  was  repeated  still  more  recently  by  Dr.  Reich, 
and  by  the  late  Mr.  Francis  Baily,  as  the  active  member  of  a  com- 
mittee of  the  Royal  Astronomical  Society  of  London.  All  these 
several  experimenters  proceeded  by  methods  which  differed  only  in 
some  of  their  practical  details^  and  in  the  conditions  and  precautions 
adopted  to  obtain  more  accurate  results. 

In  the  apparatus  used  by  Mr.  Bally;  the  latest  of  them,  the 
attracting  bodies  with  which  the  globe  of  the  earth  was  compared 
were  two  balls  of  lead,  each  a  foot  in  diameter.  The  bodies  upon 
which  their  attraction  was  manifested  were  small  balls,  about  two 
inches  in  diameter.  The  former  were  supported  on  the  ends  of  an 
oblong  horizontal  stage,  capable  of  being  turned  round  a  vertical 
axis  supporting  the  stage  at  a  point  midway  between  them.  Let 
fig,  24  represent  a  plan  of  the.  apparatus.  The  large  metallic  balls 
B  and  B^  are  supported  upon  a  rectangular  stage  represented  by  the 
dotted  lineS;  and  so  mounted  as  to  be  capable  of  being  turned  round 
its  centre  c  in  its  own  plane.  Two  small  balls  a  of,  about  two 
inches  in  diameter,  are  attached  to  the  ends  of  a  rod,  so  that  the 
distance  between  their  centres  shall  be  nearly  equal  to  b  b^  This 
rod  is  supported  at  c  by  two  fine  wires  at  a  very  small  distance 
asunder,  so  that  the  balls  will  be  in  repose  when  the  rod  a  fl/  is  di- 
rected in  the  plane  of  the  wires,  and  can  only  be  turned  from  that  plane 
by  the  action  of  a  small  and  definite  force,  the  intensity  of  which  can 
always  be  ascertained  by  the  angle  of  defiection  of  the  rod  ao^.  The 
exact  direction  of  the  rod  a  of  is  observed,  without  approaching  the 
apparatus,  by  means  of  two  small  telescopes  t  and  i^,  and  the  extent  of 
its  departure  from  its  position  of  equilibrium  may  be  measured  with 
great  precision  by  micrometers. 

In  the  performance  of  the  experiment  a  multitude  of  precautions 
were  taken  to  remove  or  obviate  various  causes  of  disturbance,  such 
as  currents  of  air,  which  might  arise  from  unequal  changes  of  tem- 
perature which  need  not  be  described  here. 

The  large  balls  being  first  placed  at  a  distance  from  the  small 
ones,  the  direction  of  the  rod  in  its  position  of  equilibrium  was 
observed  with  the  telescopes  to/.  The  stage  supporting  the  large 
balls  was  then  turned  until  they  were  brought  near  the  small  ones, 
as  represented  atBB^.  It  was  then  observed  that  the  small  balls 
were  attracted  by  the  large  ones,  and  the  amount  of  the  deflection 
of  the  zodaa'  was  observed. 
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The  frame  supporting  the  large  balls  was  then  turned  until  b 
was  brought  to  b,  and  b^  to  y,  so  as  to  attract  the  small  balls  on  the 
other  side^  and  the  deflection  of  a  of  was  again  observed.  In  each 
case  the  amoimt  of  the  deflection  being  exactly  ascertained^  the 
intensity  of  the  deflecting  force,  and  its  ratio  to  the  weight  of  the 
baJls,  became  known. 

The  properties  of  the  pendulum  supplied  a  very  simple  and  exact 
means  of  comparing  the  attraction  of  the  balls  b  and  b^  with  the 
attraction  of  the  earth.  The  balls  a  cf  were  made  to  yibrate  through 
a  small  arc  on  each  side  of  the  position  which  the  attraction  gave 
them,  and  the  rate  of  their  vibration  was  observed  and  compared 
with  the  rate  of  vibration  of  a  common  pendulum.  The  relative 
intensity  of  the  two  attractions  was  computed  from  a  comparison 
of  these  rates  by  the  principles  established  in  (M.  505).  The  pre- 
cision of  which  this  process  of  observation  is  susceptible  may  be 
inferred  from  the  fact  that  the  whole  attraction  of  the  balls  b  b^ 
upon  a  of  did  not  amount  to  the  20-millionth  part  of  the  weight  of 
the  balls  a  afj  and  that  the  possible  error  of  the  result  did  not  exceed 
2  per  cent,  of  its  whole  amount. 

The  attraction  which  the  balls  B  b'  would  exert  on  a  of,  on  the 
supposition  that  the  mean  density  of  the  earth  is  equal  to  that  of 
the  metallic  balls  b  b',  was  then  computed  and  found  to  be  less  than 
the  actual  attraction  observed,  and  it  was  inferred  that  the  density 
of  the  earth  was  less  than  that  of  the  balls  B  b'  in  the  same  ratio. 

The  result  of  this  experiment  as  determined  by  Mr.  Bally  gave 
the  mean  density  of  the  earth  5*67  times  greater  than  that  of 
water. 

The  apparatus  for  determining  by  immediate  observation  the 
mean  density  of  the  earth,  will  be  more  easily  understood  by  refer- 
ence to  Jigs,  25,  26,  and  27,  assisted  by  the  following  explanation. 

In  Jig.  25,  the  two  great  baUs  w  w  are  presented  obliquely  and 
foreshortened,  their  true  position  being  represented  in  the  ground 
plan^.  26.  The  small  balls  a  of  Jig,  24  correspond  with  x  xjig,  2  5, 
and  the  rod  connecting  them  with  A  A.  The  two  small  leaden 
balls  X  ^  are  suspended  to  the  extremities  of  the  horizontal 
rod  A  A,  supported  at  its  middle  point  by  a  vertical  metallic 
wire  Ig  m.  The  two  wires  ^  A  are  arranged,  connecting  the  ex- 
tremities of  A  A  with  the  point  g,  to  prevent  the  flexure  of  the 
rod  A  A  by  the  weight  of  the  balls  x  x.  The  suspending  wire 
Igm,  the  oblique  wires  gh,  the  rod  A  A,  and  ^e  balls  xx 
are  enclosed  in  a  lightly  constructed  case,  A  b  0  b  e  p,  to  prevent  the 
least  efiiect  of  the  agitation  of  the  surrounding  air.  This  box  is 
sustained  by  four  vertical  supports,  two  of  which  are  represented 
in  8.  The  two  great  balls  w  w  are  suspended  by  two  vertical  rods 
connected  above  by  the  piece  r  p  r,  which  is  terminated  at  p  by  the 
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lod  Jfpy  which  traverses  a  fixed  beam.  A  pulley  u  h  is  fixed  upon 
the  rod  f  p,  by  which  the  whole  apparatus  supporting  the  balls  w  w 
can  be  tuined  roimd  the  vertical  axis. 

Let  us  now  suppose  the  balls  w  w  to  be  placed  in  the  vertical 
plane  at  right  angles  to  the  rod  hK  In  that  position,  their  attrac- 
ticms  upon  the  balls  x  x,  being  equal  and  contrary,  will  equilibrate, 


Fig.xs.' 

and  the  balls  x  x  will  remain  undisturbed.  If  we  bring  the  two 
large  balls  w  w  into  the  position  represented  in^.  26.,  they  will 
attract  the  small  balls  j;  ^,  and  will  maJie  the  lever  A  A  turn  upon 
its  vertical  axis,  in  consequence  of  which,  a  slight  degree  of  torsion 
will  be  given  to  the  wire  I  g,  which  torsion  will  balance  the  effect  of 
the  attraction  of  the  balls  w  w.  If  the  balls  w  w  are  turned  to  the 
ppsition  w  w  indicated  by  the  dotted  lines,  the  small  balls  x  x  will 
be  again  attracted;  but  in  contrary  directions,  and  with  equal  forces. 

p 
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It  is  eTideot  tliat  the  total  angle  of  toraon  throngh  whicli  the 
wire  g  I  will  be  turned  by  the  rod  A  A  in  the  two  cases,  will  repre- 


sent twice  the  attraetiye  force  of  the  balls  in  this  case,  m  that  half 
the  angle  of  toraion  will  esprees  the  actual  attractioii  of  the  great 


balls  in  each  of  the  two  posidons.  Bj  comparing  the  fbice  of  at- 
traction with  the  actual  weight  of  the  amell  balls  x,  taking  account 
of  the  ratio  between  the  distances  of  the  centres  of  the  small  and 
great  balls  and  the  radius  of  the  earth,  we  have  all  the  data  neces- 
■aiy  to  compare  the  attraction  of  the  whole  mass  of  the  earth  upon 
the  small  balls,  with  the  attraction  of  the  mass  w  upon  them. 

The  actual  value  of  force  exerted  by  the  torsion  of  the  wire  I  ^  is 
determined  bj  turning  the  balls  x  x  from  their  position  of  equili- 
brium, and  allowing  them  to  Tibrate  to  the  rig-ht  and  left  alter- 
nately of  the  porition  of  equilibrium.  The  time  of  Tibration  will 
in  that  case  determine  the  force  of  torsion,  upon  the  same  principle 
as  the  time  of  vibration  of  a  common  pendulum  determines  the 
f«ce  of  grarity. 

The  manner  in  which  Cavendish  disposed  his  apparatus  in  an  in- 
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doeed  chamber^  so  as  to  remove  it  from  all  disturbing  causes  arising 
from  the  agitation  of  the  surrounding  air,  is  represented  in  fig,  27. 
The  deviation  of  the  lever  A  A,  whether  produced  by  the  attraction  of 
the  great  balls  or  by  the  oscillation  of  the  small  ones^  on  either  side 
of  the  position  of  equilibrium,  was  observed  by  the  two  telescopes 
X  I  directed  towards  the  extremities  of  the  lever  A  A.  Two  small 
divided  rules  n  n  were  adapted  to  the  extremities  of  the  lever  A  A, 
and  moved  with  it  behind  two  small  openings  through  which  they 
were  visible  by  the  telescopes  i  T.  The  lamps  l  l  projected  light 
by  reflectors  upon  these  two  small  rules  n  n.  A  horizontal  rod, 
terminated  by  a  button  x^  communicated  by  its  inner  extremity 
with  the  support  of  the  vertical  wire  Igy  by  making  the  button  k 
turn  this  support  round  its  vertical  axis.  Li  this  way,  the  rod  A  A 
would  always  be  adjusted  to  the  position  which  it  ought  to  have^ 
when  the  vertical  wire  I  g  suffered  no  torsion.  Finally,  a  cord 
passed  through  the  groove  of  a  pulley  h  h,  fig,  25.  fixed  horizon- 
tally above  the  piece  p  r.  The  two  cords  proceeding  from  this 
issued  from  the  chamber  by  two  lateral  openings^  passed  each  other 
in  the  groove  of  a  vertical  pulley  y,  and  supported  weights  destined  ! 
to  give  them  the  necessary  tension.  It  was  sufficient  to  draw  one 
of  tiiese  two  cords  to  turn  the  pulley  H  H,  drawing  with  it  the  two 
large  balls  w  w,  so  as  to  place  these  two  balls  in  any  desired  posi- 
tion with  relation  to  the  apparatus. 

81.  Tbe  Barton  pendnlmn  experiments. — The  last  determi- 
nation of  the  mean  density  of  the  earth  which  it  is  necessary  to 
mention,  is  that  resulting  from  the  experiments  undertaken  by  the 
Astronomer  Royal,  Mr,  Airy,  at  the  Harton  Colliery,  near  South 
Shields,  in  the  month  of  October,  1 854.  It  would  be  out  of  place 
here,  however,  to  give  a  lengthened  detdl  of  the  various  methods 
adopted  in  carrying  out  this  important  experiment,  a  general  and 
concise  outline  only  must  therefore  suffice. 

The  observations  atthe  mine  consisted  of  accurately  noting  simul- 
taneously at  two  stations,  the  vibrations  of  an  invariable  pendulum 
in  comparison  with  the  vibrations  of  a  clock  pendulum  placed  im- 
mediately behind,  one  station  being  on  the  surface  in  a  building 
prepared  for  the  occasion,  and  the  other  almost  vertically  below,  at 
a  depth  of  about  1 260  feet,  the  object  being  to  ascertain  the  differ- 
ence of  the  force  of  gravity  acting  on  the  two  detached  pendulums. 

For  this  purpose,  the  detached  pendulum  was  suspended  on  a 
firm  iron  stand,  by  means  of  a  projecting  piece  of  hard  steel,  one 
edge  of  which  is  ground  to  a  kidfe-edge,  resting  on  planes  of 
poUshed  agate.  Friction  is  thus  nearly,  if  not  altogether,  avoided. 
Behind  the  pendulum  the  dock  was  placed.  A  small  indined  disk 
covered  with  gold  lea^  and  illuminated  by  a  lamp,  was  fixed  to 
tbe  bob  of  the  doMck  pendulum.    This  disk  was  viewed  at  a  short 
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distance  by  means  of  a  telescope.  Immediately  in  front  of  the 
disk  a  long  narrow  tail  projectmg  from  the  bob  of  the  detached 
pendulum  was  suspended,  the  disk  being  invisible  when  both 
pendulums  were  in  a  vertical  position.  If  the  dock  pendulum 
were  made  to  vibrate  while  the  detached  pendulum  was  at  rest,  its 
disk  would  be  seen  on  both  sides  of  the  pendulum  tail.  A  pair  of 
cheeks  was  attached  to  the  clock-case  between  the  two  pendulimis, 
having  an  opening  between  them  which  admitted  of  adjustment. 
When  the  detached  pendulum  was  still  at  rest,  the  cheeks  were 
moved  towards  the  centre  ^Sl  the  vibrating  disk  could  not  be  seen 
past  Hie  edges  of  the  pendulum  tail;  when  this  was  done  satis- 
factorily the  apparatus  was  ready  for  use.  Supposing  the  two 
pendulums  are  both  vibrating;  if  they  do  not  pass  the  vertical 
positions  at  the  same  time,  the  pendulum  tail  does  not  cover  the 
opening  between  the  adjustable  cheeks  at  the  instant  when  the 
disk  is  passing,  which  is  therefore  visible  to  the  observer.  When 
they  pass  together  the  disk  cannot  be  seen,  the  two  pendulums  being 
in  coincidence.  The  exact  times  of  successive  coincidences  were 
observed,  from  which  could  easily  be  inferred  the  rate  of  one  pendu- 
lum over  the  other.  These  observations  were  made  simultaneously 
at  the  upper  and  lower  stations  on  precisely  the  same  system. 
Having  thus  obtained  the  rate  of  each  detached  pendulum  in 
comparison  with  its  own  dock,  it  was  necessary  that  the  compara- 
tive rates  of  the  two  clocks  should  be  determined  with  the  greatest 
accuracy.  This  was  effected  by  means  of  galvanic  signals,  a  com- 
munication being  made  between  the  two  stations  by  wires  passing 
down  the  shaft.  A  galvanic  needle  was  placed  near  each  clock- 
face,  so  that  each  signal  was  observed  at  the  same  instant  by  the 
two  observers.  From  these  comparisons  the  rate  of  one  clock  over 
the  other  was  easily  found,  and  also  the  comparative  rate  of  the 
two  detached  pendulums. 

The  observations  were  completed  in  three  weeks,  the  detached 
pendulums  being  reversed  in  the  second  week  ;  in  the  third,  the 
pendulums  were  interchanged  at  the  commencement,  and  in  the 
middle  of  the  week,  forming  four  complete  series  of  observations. 
To  eliminate  any  liability  of  error  which  might  arise  if  no  inter- 
change took  place,  the  detached  pendulums  were,  therefore,  alter- 
nately mounted  at  the  upper  and  lower  stations.  Six  observers 
fiom  different  observatories,  under  the  superintendance  of  Mr. 
Dunkin,  of  the  Royal  Observatory,  gave  their  personal  assistance. 

A  carefrd  survey  of  the  neighbouring  country  was  made,  as  well 
as  of  the  different  strata  which  composed  the  shell  between  the  two 
stations.  One  hundred  and  forty-two  different  specimens  were 
found,  and  the  specific  gravity  of  the  principal  determined. 

The  result  of  tiie  experiment  gave  6*57  for  the  value  of  the  mean 
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denaily  of  the  earth  above  that  of  water.  This  result  is  much 
larger  than  those  obtained  from  former  researches,  but  the  Astro- 
nomer Royal  considers  it  entitled  to  compete  with  the  others  on,  at 
least,  equal  terms. 


CHAPTER  V. 

APPABEHT  FORK  AND  MOTION  OF  THE  FIRUAMENT. 

82.  Aspect  Of  fbe  flrmaineiit.  —  If  we  examine  the  heavens 
irith  attention  on  dear  starlight  nights,  we  shall  soon  be  struck 
with  the  fact,  that  the  brilliant  objects  scattered  over  them  in  such 
incalculable  nimibers  maint.ain  constantly  the  same  relative  posi- 
tion and  arrangement.  Every  eye  is  familiar  with  certain  groups 
of  stars  called  constellations.  These  are  never  observed  to  change 
their  relative  position.  A  diagram  representing  them  now  would 
equally  represent  them  at  any  future  time ;  and  if  a  general  map  be 
made,  showing  the  relative  arrangement  of  these  bodies  on  any 
night,  the  same  map  will  represent  them  with  equal  exactness  and 
fidelity  on  any  other  night.  There  are  a  few,  among  many  thou- 
sands, which  are  exceptions  to  this,  with  wMch,  however,  for  the 
present  we  need  not  concern  ourselves. 

83.  Tbe  celestial  bemispbere«  —  The  impression  produced 
upon  the  sight  by  these  objects  is  that  they  are  at  a  vast  distance, 
but  all  at  the  same  distance.  They  seem  as  though  they  were  at- 
tached in  fixed  and  unalterable  positions  upon  the  surface  of  a  vast 
hemisphere,  of  which  the  place  of  the  observer  is  the  centre.  Setting 
aside  the  accidental  inequalities  of  the  groimd,  the  observer  seems 
to  stand  in  the  centre  of  a  vast  circular  plane^  which  is  the  base  of 
this  celestial  hemisphere. 

84.  Borlxon  and  senltb. — This  plane,  extended  indefinitely 
aroimd  the  observer,  meets  the  celestial  hemisphere  in  a  cirdo 
which  is  called  the  Hobizok,  from  the  Greek  word  dpiZtiv  (orizein), 
to  terminate  or  hound,  being  the  boundaiy  or  limit  of  the  visible 
heavens. 

The  centre  point  of  the  visible  hemisphere  —  that  point  which 
is  perpendicularly  above  the  observer,  and  to  which  a  plumb-line 
suspended  at  rest  would  be  directed — is  called  the  Zenith. 

8  5.  Apparent  rotation  of  tbe  llrmament.  —  A  few  hours'  at- 
tentive contemplation  of  the  firmament  at  night  will  enable  any 
common  observer  to  perceive,  that  although  the  stars  are,  relatively 
to  each  other,  fixed,  the  hemisphere,  as  a  whole,  is  in  motion. 
Looking  at  the  zenith;  constellation  after  constellation  will  appear 
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to  pass  across  it,  having  risen  in  an  oblique  direction  from  the 
horizon  at  one  side^  and;  after  passing  the  zenith;  descending  on 
the  other  side  to  the  horizon^  in  a  direction  similarly  oblique. 
Still  more  careful  and  longer  continued  obsenration,  and  a  com- 
parisoU;  so  far  as  can  be  made  by  the  eye^  of  the  different  directions 
successively  assumed  by  the  same  object,  creates  a  suspicion,  which 
every  additional  observation  strengthens,  that  the  celestial  vault 
has  a  motion  of  slow  and  uniform  rotation  round  a  certain  diameter 
as  an  axis,  carrying  with  it  all  the  objects  visible  upon  it,  without 
in  the  least  deranging  their  relative  positions  or  disturbing  their 
arrangement. 

Such  an  impresinon,  if  well  founded,  would  involve,  as  a  neces- 
sary consequence^  that  a  certain  point  in  the  heavens  placed  at  the 
extremity  of  ihe  axis  of  its  rotation,  would  be  fixed,  and  that  all 
other  points  would  appear  to  be  carried  around  it  in  circles ;  each 
such  point  preserving  therefore,  constantly,  the  same  distance  from 
the  point  thus  fixed. 

86k  Tbe  pole  star. — To  verify  this  inference,  we  must  look  for 
a  star  which  is  not  affected  by  the  apparent  rotation  of  the  heavens, 
which  affects  more  or  less  eveiy  other  star. 

Such  a  star  is  accordingly  found,  which  is  always  seen  in  the 
same  direction,  —  so  far  at  least  as  the  eye,  unaided  by  more  accu- 
rate means  of  observation,  can  determine. 

The  place  of  this  star  is  called  the  Pole,  and  the  star  is  called 
the  Pole  stab. 

87.  Kotation  inroved  Ynj  tnstmmental  observatloii.  —  Mere 
visual  observation,  however,  can  at  most  only  supply  grounds  for 
probable  conjecture,  either  as  to  the  rotation  of  the  sphere,  or  the 
position  of  its  pole,  if  such  rotation  take  place.  To  verify  this  con- 
jecture, to  determine  with  certainty  whether  the  motion  of  the 
sphere  be  one  of  rotation,  and  if  so,  to  ascertain  with  precision  the 
cQrection  of  the  axis  round  which  this  rotation  takes  place,  its 
velocity,  and,  in  fine,  whether  it  be  uniform  or  variable,  —  are 
problems  of  the  highest  importance,  but  which  are  altogether 
beyond  the  powers  of  mere  visual  observation  unaided  by  instru- 
ments of  precision. 

88.  Bzact  dlreetton  of  fbe  axis  and  position  of  the  polo. — 
Suppose  a  telescope  of  low  naagnifying  power,  supplied  with  micro- 
metric  wires  (i  i),  to  be  directed  to  the  pole  star,  so  that  the  star 
may  be  seen  exactly  upon  the  intersection  of  the  horizontal  and 
vertical  wires.  If  this  star  were  precisely  at  the  extremity  of  the 
axis  of  the  hemisphere,  or  at  the  pole,  it  would  remain  permanently 
in  this  position  notwithstanding  the  rotation  of  the  firmament. 
Such  is  not,  however,  found  to  be  the  case*    The  star  will  appear 
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to  move;  but  if  the  magnifying  powef  of  the  telescope  be  low 
enough  it  will  not  leave  the  field  of  view.  It  will  appear  to  move 
in  a  small  circle,  the  diameter  of  which  is  about  3^.  The  telescope 
may  be  so  adjusted  that  the  star  will  move  in  a  circle  round  the 
intersection  a£  the  wires  as  a  centre,  which  w6i\ld  be  the  true  posi- 
tion of  the  PoLE^  round  which  the  pole  star  is  carried  in  a  circle,  at 
the  distance  of  about  i^^,  by  the  rotation  of  the  sphere. 

89.  Xotatlon  of  flmuunent  proved  by  equatorial.  — Now, 
to  ^tablish,  by  means  of  the  equatorial,  the  fact  that  the  firma- 
ment really  has  a  motion  of  apparent  rotation  with  a  velocity 
rigorously  imiform  round  the  axis,  let  the  telescope  be  first  directed 
to  any  star,  Ofjlg,  1 3,  for  example,  so  that  it  shall  be  seen  bisected 
by  the  middle  wire.  The  line  of  collimation  will  then  be  directed 
to  the  star,  and  the  angle  ocn^  or  the  arc  ON^  will  express  the 
apparent  distance  of  such  a  star  from  the  pole  p. 

Let  the  instrument  be  then  turned  upon  its  axis  from  east  to 
"west  (that  is,  in  the  same  direction  as  the  rotation  of  the  firma- 
ment), through  any  proposed  angle,  say  90^,  and  let  it  be  fixed  in 
that  position.  The  firmament  will  follow  it,  and  after  a  certain 
interval  the  same  star  will  be  seen  again  bisected  by  the  middle 
wire ;  and  in  the  same  manner,  whatever  be  the  change  of  position 
of  the  instrument  upon  its  axis,  provided  the  direction  of  the  tele- 
scope upon  the  arc  0  's%Jig,  1 3,  be  not  changed,  the  star  will  always 
arrive,  after  an  interval  more  or  less,  according  to  the  angle  through 
which  this  instrument  has  been  turned,  upon  the  middle  wire. 

It  follows,  therefore,  from  this,  that  the  particular  star  here 
observed  is  carried  in  a  circle  round  the  heavens^  always  at  the 
same  distance,  oj9,  from  the  celestial  pole. 

The  same  observations  being  made  with  a  like  result  upon  every 
star  to  which  the  telescope  is  directed,  it  follows  that  the  motion 
of  the  firmament  is  such  that  all  objects  upon  it  describe  circles  at 
right  angles  to  its  axis,  each  object  always  remaining  at  the  same 
distance  from  the  pole. 

This  is  precisely  the  efiect  which  would  be  produced  by  the  ro- 
tation of  the  heavens  round  an  axis  directed  to  the  pole  from  the 
place  of  the  observer. 

But  it  remains  to  ascertain  the  time  of  rotation^  and  whether  the 
rotation  be  imiform. 

K  the  telescope  be  directed  as  before  to  any  star,  so  that  it  shall 
be  seen  on  the  middle  wire,  let  the  instrument  be  then  fixed,  being 
detached  from  the  clock-work,  and  let  the  exact  time  be  noted. 
On  the  following  night,  at  the  approach  of  the  same  hour,  the  same 
star  will  be  seen  approaching  to  the  same  position,  and  it  will  at 
length  arrive  again  upon  the  wire.  The  time  being  again  exactly 
observed,  it  will  be  found  that  the  interval  of  solar  time  which 
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has  elapsed  between  the  two  successiye  passages  of  the  star  over  th& 
wire  is 

Such  is,  therefore,  the  solar  time  in  which  the  celestial  sphere 
makes  one  complete  revolution,  and  this  time  will  be  always  found 
to  be  the  same,  whatever  be  the  star  to  which  the  telescope  is 
directed. 

To  prove  that  not  only  every  complete  revolution  is  performed  in 
the  same  time,  but  that  the  rotation  during  the  same  revolution  is 
uniform,  let  the  instrument,  after  being  directed  to  any  star,  be 
turned  in  the  direction  of  the  motion  of  the  sphere  through  any 
proposed  angle,  90°  for  example.  It  will  be  found  that  the  inter- 
val which  will  elapse  between  the  passage  of  the  star  over  the 
wires  in  the  two  positions  will,  in  this  case,  be  the  fourth  part  of 
23*»  56"  4*  '09;  and,  in  general,  whatever  be  the  angle  through 
which  the  instrument  may  be  turned,  the  interval  between  the  pas- 
sages of  the  same  star  over  the  wires  in  the  two  positions  will  bear 
the  same  proportion  to  23**  56"  4'  '09,  as  the  angle  bears  to  360°. 

It  follows^  therefore,  tiiat  the  apparent  rotation  of  the  heavens 
is  rigorously  uniform. 

It  will  be  observed  that  the  time  of  one  complete  revolution  is 
3"  55**9^  1®"^®  *^^^  twenty-four  hours,  or  a  common  day.  The 
cause  of  this  difference  will  be  explained  hereafter. 

90.  Sidereal  time. — The  time  of  one  complete  revolution  of  the 
firmament  is  called  a  sidebeal  day.  This  interval  is  divided, 
like  a  common  day,  into  24  hours,  each  hour  into  60  minutes,  and 
each  minute  into  60  seconds. 

Since  in  24  sidereal  hours  the  sphere  turns  through  360°,  and 
since  its  motion  is  rigorously  uniform,  it  turns  through  1 5°  in  a 
sidereal  hour,  and  through  1°  in  four  sidereal  minutes. 

91.  Tbe  same  apparent  motion  observed  by  day. — It  may 
be  objected  that  although  this  description  of  the  movement  of  the 
heavens  accords  with  the  appearances  during  the  night,  there  is  no 
evidence  of  the  continuance  of  the  same  rotation  during  the  day, 
since  in  a  cloudless  firmament  no  object  is  visible  except  the  sun, 
which  being  alone  cannot  manifest  the  same  community  of  motion 
as  is  exhibited  by  the  multitudinous  objects  which,  being  crowded 
so  thickly  on  the  firmament  at  night,  move  together  without  any 
change  in  their  apparent  relative  position.  To  this  objection  it 
may  be  answered  that  the  moon  is  occasionally  seen  in  the  day-time 
as  well  as  the  sun ;  and,  moreover,  that  before  sunset  and  after  sun- 
rise the  planets  Jupiter  and  Venus  are  occasionally  seen  under 
favourable  atmospheric  circumstances.  Besides,  with  telescopes  of 
sufficient  power  properly  directed,  all  the  brighter  stars  can  be  dis- 
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tinctly  seen  when  not  situated  very  near  the  position  of  the  sun. 
Now^  in  all  these  cases,  the  objects  thus  seen  appear  to  be  carried 
round  by  the  same  motion  of  the  firmament,  which  is  so  much  more 
conspicuously  manifested  in  the  absence  of  the  sun  and  at  night. 

92.  Oertain  fixed  points  and  olroles  neeesMurj  to  express 
tlie  position  of  objects  on  tlie  heavens. — It  will  greatly  con- 
tribute to  the  feicility  and  clearness  with  which  the  celestial  pheno- 
mena and  their  causes  shall  be  understood  if  the  student  will  impress 
upon  his  memory  the  names  and  positions  of  certain  fixed  points^ 
lines,  and  circles  of  the  celestial  sphere,  by  reference  to  which  the 
j>osiiion  of  objects  upon  it  are  expressed.  Without  incumbering 
liim  with  a  more  complex  nomenclature  than  is  indispensably  neces- 
saiy  for  this  purpose,  we  shall  therefore  explain  some  of  the  prin- 
cipal of  these  landmarks  of  the  heavens. 

93.  Vertieal  eiroles,  xenitb,  and  nadir. — If  from  the  place 
of  the  observer  a  straight  line  be  imagined  to  be  drawn  perpendi- 
cular to  the  plane  of  the  horizon,  and  to  be  continued  indefinitely 
both  upwards  and  downwards,  it  will  meet  the  visible  hemisphere 
at  its  vertex,  the  Zenith,  and  the  invisible  hemisphere,  which  is 
imder  the  plane  of  the  horizon,  at  a  corresponding  point  called  the 
Kasib. 

If  a  plane  be  supposed  to  pass  through  the  place  of  the  observer 
and  the  zenith,  it  will  meet  the  celestial  surface  in  a  series  of  points, 
forming  a  circle  at  right  angles  to  the  horizon.  Such  a  circle  is 
called  a  vekhcal  cibcle,  or,  shortly,  a  Veehcal. 

If  this  plane  be  supposed  to  be  turned  round  the  line  passing 
upwards  to  the  zenith,  it  will  assume  successively  every  direction 
round  the  observer,  and  will  meet  the  heavens  in  every  possible 
vertical  circle. 

The  vertical  circles,  therefore,  all  intersecting  at  the  zenith  as  a 
common  point,  divide  the  horizon  as  the  divisions  of  the  hours  and 
minutes  divide  the  dial-plate  of  a  clock. 

94.  Tbe  eelestial  meridian  and  prime  vertical. —  That  ver- 
tical which  passes  through  the  celestial  pole  is  called  the  Mesxdiaii^. 

The  meridian  is,  therefore,  the  only  circle  of  the  heavens  which 
passes  at  once  through  the  two  principal  fixed  points,  the  pole  and 
the  zenith. 

It  divides  the  visible  hemisphere  into  two  regions  on  the  right 
and  left  of  the  observer ;  as  he  looks  to  the  north,  that  which  is  on 
his  right  being  called  tilie  Eastebn,  and  that  which  is  on  his  left 
the  Westewt. 

Another  vertical  at  right  angles  to  the  meridian  is  called  the 
PsmE  vebtical.    This  is  comparatively  little  used  for  reference. 

95.  Cardinal  points. — The  meridian  and  prime  vertical  divide 
the  horizon  at  four  points,  equally  distant,  and  therefore  separated 
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by  arcs  of  90®.  These  points  are  called  the  cardinal  points.  Those 
formed  by  the  intersection  of  the  meridian  with  the  horizon  are 
called  the  Nobth  and  Sottth  points,  that  which  is  nearest  to  the 
visible  pole  in  the  northern  hemisphere  being  the  north.  Those 
formed  by  the  intersection  of  the  prime  vertical  with  the  horizon 
are  called  the  East  and  West,  that  to  the  right  of  an  observer 
looking  towards  the  north  being  the  east. 

The  cardinal  points  correspond  with  those  marked  on  the  card  of 
a  mariner's  compass^  allowance  being  mad'j  for  the  variation  of  the 
needle. 

96.  Tbe  asimnth. — The  direction  of  an  object,  whether  ter- 
restrial or  celestial,  in  reference  to  the  cardinal  points,  or  to  the 
plane  of  the  meridian,  is  called  its  Azihfth.  Thus  it  is  said  to 
have  so  many  degrees  of  azimuth  east  or  west,  according  as  the 
vertical  circle,  whose  plane  passes  through  it,  forms  that  angle  east 
or  west  of  the  plane  of  the  meridian. 

97.  Zenith  distance  and  altitude. — It  is  always  possible  to 
conceive  a  vertical  circle,  which  shall  pass  through  any  proposed 
object  on  the  heavens.  The  arc  of  such  a  circle  between  the  zenith 
and  the  object  is  called  its  Zenith  distance. 

The  remainder  of  the  quadrant  of  the  vertical  between  the  object 
and  the  horizon  is  called  its  Altitttde. 

It  is  evident,  therefore,  that  the  altitude  of  the  zenith  is  90^^ 
and  the  zenith  distance  of  every  point  on  the  horizon  is  also  90^ 

The  arc  of  the  meridian  between  the  zenith  and  the  pole  is  the 
zenith  distance  of  the  pole,  and  the  arc  of  the  meridian  between  the 
pole  and  the  horizon  is  the  altitude  of  the  pole. 

98.  Celestial  equator. — K  a  plane  be  imagined  to  pass  through 
the  place  of  the  observer  at  right  angles  to  the  axis  of  the  sphere, 
and  to  be  continued  to  the  heavens,  it  will  meet  the  surface  of  the 
celestial  vault  in  a  circle  which  shall  be  90°  from  the  pole,  and 
which  will  divide  the  sphere  into  two  hemispheres,  at  the  vertex 
of  one  of  which  is  the  visible  or  north  pole,  and  at  the  vertex  of 
the  other  the  invisible  or  south  pole. 

This  circle  is  called  the  celestial  EauATOR. 

The  several  fixed  points  and  circles  described  above  will  be  more 
clearly  conceived  by  the  aid  of  the  diagram,^.  28,  where  0  is  the 
place  of  the  observer,  z  the  zenith,  p  the  pole,  s  zpn  the  visible,  and 
s^  z  N  the  invisible  half  of  the  meridian ;  s  e  n  w  is  the  horizon  seen  by 
projection  as  an  oval,  being,  however,  really  a  circle  ;  N  and  s  are 
the  north  and  south,  and  E  and  w  the  east  and  west  cardinal  points. 
The  points  of  the  several  circles  which  are  below  the  horizon;  are 
distinguished  by  dotted  lines.  The  celestial  equator  is  represented 
at  iBQ,  and  the  prime  vertical  at  zwez,  both  being  looked  at 
edgewise. 
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A  plane  v  n,  drawn  through  the  north  cardinal  point,  cuts  oiF  a 
portion  of  the  sphere^  having  the  yieible  pole  N  at  its  centre,  all  of 


which  is  above  the  horizon ;  and  a  corresponding  plane,  88,  through 
the  south  cardinal  point,  cuts  off  a  part,  leaving  the  invisible  pole 
at  its  centre,  all  of  which  is  below  llie  horizon. 

99.  Apparent  motion  of  tbe  celestial  sphere. — Now,  if  the 
entire  sphere  be  imagined  to  revolve  on  the  line  i^op  through  the 
poles  as  a  fixed  axis,  making  one  complete  revolution,  and  in  such 
a  direction  that  it  will  pass  over  an  observer  at  0,  looking  towards 
V  from  his  right  to  his  left,  carrying  with  it  all  the  objects  on  the 
firmament,  without  disturbing  their  relative  position  and  arrange- 
ment, we  shall  form  an  exact  notion  of  the  apparent  motion  of  the 
heavens.  All  objects  rise  upon  the  eastern  half,  sen,  of  the 
horizon,  and  set  upon  the  western  half,  s  WN.  The  objects  which 
are  nearer  to  the  visible  pole  p  than  the  circle  nN  never  set;  and 
those  which  are  nearer  to  the  invisible  pole  p  than  the  circle  s  s 
never  rise.  Those  which  are  between  the  equator  m  a  and  the 
circle  » N  are  longer  above  the  horizon  than  below  it ;  and  those 
which  are  between  the  equator  m  a  and  the  circle  s  8  are  longer  below 
the  equator  than  above  it.  Objects,  in  fine,  which  are  upon  the 
equator  are  equal  times  below  and  above  the  horizon. 

When  an  object  rises,  it  gradually  increases  its  altitude  until  it 
reaches  the  meridian.  It  then  begins  to  descend,  and  continues  to 
descend  until  it  sets. 
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CHAPTER  YL. 

DIURNAL  ROTATION  OF  THE  EARTH. 

1 00.  Apparent  diurnal  rotation  of  tbe  heavens  —  Its  pos- 
sible causes.  —  The  apparent  diurnal  rotation  of  the  celestial 
sphere  being  such  as  has  been  explained^  it  remains  to  determine 
what  is  the  real  motion  which  produces  it.  Now  it  is  demonstrable 
that  it  may  be  caused  indifferently,  either  by  a  real  motion  of  the 
8phei*e  round  the  observer  corresponding  in  direction  and  velocity 
with  the  apparent  motion,  or  by  a  real  motion  of  the  earth  in  the 
contrary  (Hrection,  but  with  the  same  angular  velocity  upon  that 
diameter  of  the  globe  which  coincides  with  the  direction  of  the 
axis  of  the  celestial  sphere,  and  that  no  other  conceivable  motion 
would  produce  that  apparent  rotation  of  the  heavens  which  we 
witness.    Between  these  two  we  are  to  decide  which  really  exists. 

loi.  Supposition  of  the  real  motion  of  the  universe  inad- 
missible. —  The  fixity  and  absolute  repose  of  the  globe  of  the 
earth  being  assumed  by  the  ancients  as  a  physical  maxim  which 
did  not  even  admit  of  being  questioned,  they  perceived  the  inevit- 
able character  of  the  alternative  which  the  apparent  diurnal  rota- 
tion of  the  heavens  imposed  upon  them,  and  accordingly  embraced 
the  hypothesis,  which  now  appears  so  monstrous,  and  which  is 
implied  in  the  term  univebse*,  which  they  have  bequeathed  to 
us. 

It  is  true  that  owing  to  the  imperfect  knowledge  which  pre- 
vailed as  to  the  real  magnitudes  and  distances  of  the  bodies  to 
which  this  common  motion  was  so  unhesitatingly  ascribed,  the 
improbability  of  the  supposition  would  not  have  seemed  so  gross 
as  it  does  to  the  more  eidightened  inquirers  of  our  age.  Never- 
theless, in  any  view  of  it,  and  even  witii  the  most  imperfect  know- 
ledge, the  hypothesis  which  required  the  admission  that  the 
myriads  of  bodies  which  appear  upon  the  firmament  should  have, 
besides  the  proper  motions  of  several  of  them,  such  as  the  moon 
and  planets,  of  which  the  ancients  were  not  unaware,  motions  of 
revolution  with  velocities  so  prodigious  and  so  marvellously  related 
that  all  should,  in  the  short  interval  of  twenty-four  hours,  whirl 
round  the  axis  of  the  earth  with  the  unerring  harmony  and  regu- 
larity necessary  to  explain  the  apparent  diurnal  rotation  of  the 
firmament,  ought  to  have  raised  serious  difficulties  and  doubts. 

*  Unus,  one,  and  vebsum,  turning,  or  rotation,— taming  with  one  common 
motion  of  rotation. 
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But  with  the  knowledge  which  has  been  obtained  by  the  labours 
of  modem  astronomers  respecting  the  enormous  magnitudes  of  the 
principal  bodies  of  the  physical  universe,  magnitudes  compared  with 
which,  that  of  the  globe  of  the  earth  dwindles  to  a  mere  point,  and 
their  immense  distances,  imder  the  expression  of  which  the  very 
power  of  number  itself  almost  fails,  recourse  to  colossal  units 
being  necessary  in  order  to  enable  it  to  express  even  the  smallest  of 
them,  the  hypothesis  of  the  immobility  of  the  earth,  and  the  diurnal 
lotataon  of  tiie  countless  orbs  of  magnitudes,  so  unconceivably 
filling  the  immensity  of  space,  once  every  twenty-four  hours  round 
this  grain  of  matter  composing  our  globe,  becomes  so  preposterous 
that  it  is  rejected,  not  as  an  improbability,  but  as  an  absiurdity  too 
gio68  to  be  even  for  a  moment  seriously  entertained  or  discussed. 

1 02.  Simplioity  and  intrinsie  probability  of  tbe  rotation  of 
tbe  eartb. — ^But  if  any  ground  for  hesitation  in  the  rejection  of 
this  hypothesis  existed,  all  doubt  would  be  removed  by  the  simpli- 
aty  and  intrinsic  probability  of  the  only  other  physical  cause  wUch 
can  produce  the  phenomena.  The  rotation  of  the  globe  of  the  earth 
upon  an  axis  passing  through  its  poles,  with  an  uniform  motion 
from  west  to  east  once  in  twenty-four  hours^  is  a  supposition  against 
wiiich  not  a  single  reason  can  be  adduced  based  on  improbability. 
Suoh  a  motion  explains  perfectly  the  apparent  diurnal  rotation  of 
the  celestial  sphere.  Being  uniform  and  firee  from  irregularities, 
checks,  or  jolts,  it  would  not  be  perceivable  by  any  local  derange- 
ment of  bodies  on  the  surface  of  the  earth,  all  of  which  would 
participate  in  it.  Observers  upon  the  surface  of  our  globe  would 
be  no  more  conscious  of  it,  than  are  the  voyagers  shut  up  in  the 
cabin  of  a  canal  boat,  or  transported  above  the  clouds  in  the  car  of 
a  balloon. 

103.  Bireot  proofk  of  tbe  eartb's  rotation. — Irresistible, 
nevertheless,  as  this  logical  alternative  is,  the  universality  and  an- 
tiquity of  the  belief  in  the  inmiobility  of  the  earth,  and  the  vast 
physical  importance  of  the  principle  in  question  have  prompted 
inquirers  to  search  for  direct  proofs  of  the  actual  motion  of  the  earth 
npon  its  axis.  Two  phenomena  have  accordingly  been  produced 
as  immediate  conclusive  proof  of  this  motion. 

104.  Proof  by  tbe  descent  of  a  body  from  a  ffreat  beigrbt. 
•—  It  has  been  shown  (h.  i  80)  that  a  body  descending  from  a  great 
height  does  not  fall  in  the  true  vertical  line,  which  it  would  if  the 
eattk  were  at  rest,  but  eastward  of  it,  which  it  must;  if  the  earth 
have  amotion  of  rotation  from  west  to  east. 

If  a  high  tower  or  steeple  be  erected  on  the  surface  of  the  earth, 
it  is  evident  that,  in  consequence  of  the  revolution  of  the  globe 
upon  its  axis,  the  top  of  the  tower  will  be  moved  in  a  greater  diur- 
nal circle  thiin  the  base  c,  being  more  distant  from  the  common 
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centre  round  which  the  entire  world  is  moved.  The  top  of  the 
tower,  therefore,  and  anything  placed  upon  it,  has  a  greater  yelo- 
city  from  west  to  east,  which  is  the  direction  of  the  earth's  rotation, 
than  has  the  bottom. 

Now  if  we  imagine  a  heavy  ball  to  be  let  fedl  from  the  top  of  the 
tower  towards  the  base,  this  ball  will  be  affected  by  two  motions : 
ist,  that  which  it  has  in  common  with  the  top  of  the  tower  from 
west  to  east,  in  virtue  of  the  earth's  diurnal  motion ;  and  2ndly, 
that  vertical  motion  which  it  has  in  falling.  The  course  it  will 
follow  will  therefore  depend  on  the  combination  of  these  two  mo- 
tions, and  it  will  strike  the  ground  at  a  poiQC  east  of  that  which 
it  occupied  at  the  commencement  of  its  fall,  by  a  space  equal  to 
that  through  which  the  top  of  the  tower  is  carried  during  the  time 
of  the  falL  But  during  this  same  interval,  the  base  of  the  tower  is 
also  moving  eastward,  but,  as  has  been  explained,  through  a  less 
space. 

Since  the  ball  is  carried  eastward  through  the  space  through 
which  the  top  of  the  tower  is  moved,  while  the  base  of  the  tower  is 
carried  eastward  through  a  less  space,  the  ball,  instead  of  falling  at 
the  base  of  the  tower,  which  it  would  do,  if  there  were  no  diurnal 
rotation  of  the  earth,  will  fall  just  so  much  east  of  the  base  as  is 
equal  to  the  difference  between  the  motion  of  the  top  and  the 
motion  of  the  bottom  of  the  tower. 

This  will  be  rendered  more  intelligible  by^.  29.,  in  which  A  c 
may  be  supposed  to  represent  the  tower  at  the  moment  when  the 

ball  is  disengaged  from,  a,  o 
beiQg  the  centre  of  the  earth, 
to  which  the  vertical  line  a  c 
is  directed.  Let  us  suppose 
that  in  the  time  of  the  fall, 
the  earth  in  its  revolution 
moves  through  the  angle  c  0  (/. 
In  that  case  the  position  of 
the  tower  at  the  moment  the 
ball  comes  to  the  surface  of 
the  earth  will  be  a'  (/.  The 
ball  meanwhile,  during  its  fall 
retaining  the  velocity  east- 
ward, which  it  had  at  tiie  mo- 
ment' it  was  dismissed  from  A, 
wiil  f all  at  a  distance  east- 
ward of  0  equal  to  a  a'.  But 
since  a  a^  is  greater  than  c  &, 
the  distance  at  which  the  ball 
"will  strike  the  ground  eastward  of  0  will  be  necessarily  greater 
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thm  0  </  by  the  difference  between  a  a^  and  c  c'.  Jf,  then, 
we  take  0  B  =  a  a',  b  will  be  the  point  at  which  the  ball  will 
strike  the  ground,  the  tower  then  being  in  the  position  a^  </.  The 
distance  c'  b  of  the  point  b  eastward  of  the  foot  of  the  tower, 
will  then  be  the  difference  between  the  arc-  described  by  the  top  of 
ihe  tower,  and  the  arc  described  by  the  bottom  of  the  tower  in  the 
time  of  the  fall. 

Since  the  distance  b  &  must  necessarily  be  extremely  minute,  it 
mig^t  be  supposed  that  such  an  experiment,  however  beautiful  in 
theoiy,  would  be  impracticable,  the  quantity  which  would  indicate 
the  effect  of  the  rotation  being  smaller  tiian  could  be  correctly 
measured.  The  experiment,  nevertheless,  was  performed  with  some 
success  when  first  proposed  on  the  leaning  tower  of  Bologna,  and 
has  since  been  repeated,  under  much  more  favourable  circumstances, 
and  with  results  much  more  exact,  by  M.  Reich  in  the  shaft  of  a 
mine  near  Freyberg.  The  depth  of  the  shaft,  and  consequently 
the  height  of  ike  fall,  was  in  this  case  520  feet,  and  a  mean  of 
several  experiments  showed  that  the  eastern  deviation  amounted  to 
1*1  inch,  while  the  calculation  of  the  distance  eastward,  at  which 
the  ball  ought  to  have  fallen,  allowing  for  the  earth's  actual  rota- 
tion, was  I  *o86  inch.  The  difference  between  the  result  of  the 
experiment  and  the  calculation  by 'theory  was,  therefore,  less  than 
the  seventieth  part  of  an  inch. 

105.  Vouoanlt**  experimental  illustrations. — The  diurnal 
dotation  of  the  earth  could  obviously  be  rendered  apparent,  provided 
any  line  or  plane  could  be  found  upon  the  earth's  surface  which 
Would  not  participate  in  the  motion  of  rotation,  since  in  that  case 
the  relative  position  of  all  objects  referred  to  such  line  or  plane, 
Vvould  be  changed  from  hour  to  hour,  as  the  earth  turns  upon  its 
axis.  It  is  upon  this  simple  principle  that  the  method  of  illustra- 
tion contrived  by  M.  Leon  Foucault,  has  been  based.  As  this  ex- 
periment has  been  repeated  in  many  places,  has  excited  much 
attention,  and  has  been  the  subject  of  much  discussion,  it  may  be 
worth  while  to  develop  the  principles  upon  which  it  depends,  some- 
what fully. 

It  must  be  first  observed  that  the  rotation  of  a  pendulous  mass 
around  the  line  of  direction  of  the  string  by  which  it  is  suspended 
will  not  produce  any  change  in  the  plane  of  vibration.  This  may 
be  easily  proved  experimentally  by  imparting  to  the  point  of  sus- 
pension of  the  pendulum  a  rotatory  motion  by  which  the  wire  or 
string  suspendiug  the  pendulous  mass  can  be  made  to  revolve. 
The  pendulum  being  put  in  vibration,  it  will  be  found  that  such 
motion  of  rotation  will  not  in  any  way  affect  the  plane  of  its 
oscillation. 

If  we  suppose  a  pei^dulum  to  be  suspended  inmiediately  over  the 
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north  pole  of  the  earth  and  put  in  vibration,  the  plane  of  its  oscilla- 
tion will  not  be  affected,  therefore,  by  the  rotation  which  its  point 
of  suspension  will  in  that  case  have  in  common  with  the  earth. 
The  earth  will,  therefore,  revolve  under  the  pendulum  while  the 
plane  of  oscillation  retains  a  fixed  direction.  The  observer,  mean- 
while, being  unconscious  of  the  earth's  rotation,  the  plane  of  oscilla- 
tion of  the  pendulum  will  appear  to  him  to  have  a  motion  of  uni- 
form rotation  round  the  axis  of  suspension,  one  complete  revolution 
being  made  in  23**  56".  This  apparent  rotation  of  the  plane  of 
oscillation  will  moreover  take  place  in  the  same  direction  as  that 
in  which  the  hand  of  a  watch  would  move,  or  in  which  a  right 

handed    screw   would    be 
turned. 

Such  being  the  effect  pro- 
duced upon  the  observer,  it 
is  not  quite  correct  to  say 
that  this  experiment  renders 
visible  the  rotation  of  the 
earth,  since,  in  fact,  it  does 
not  render  that  phenomenon 
more  visible  than  does  the 
apparent  rotation  of  the  fir- 
mament. In  the  one  case, 
as  in  the  other,  an  apparent 
motion  is  perceived,  which 
is  produced  by  the  real  rota- 
tion of  the  earth ;  and  it  is 
only  by  the  result  of  reason- 
ing upon  the  phenomena  that 
the  observer  in  the  one  case, 
as  in  the  other,  arrives  at 
the  conclusion  that  the  ap- 
parent motion  which  he  sees 
is  an  optical  effect  caused  by 
the  reed  rotation  of  the  earth, 
of  which  he  is  totally  un- 
conscious. 

The  first  experiments  on 
this  principle  made  by  M. 
Foucault,  took  place  in  the 
Pantheon  at  Paris.  An  iron 
wire  about  210  feet  in  length 
was  attached  by  its  upper 
extremity  to  a  metal  plate  ^ed  in  the  centre  of  the  cupola  of  the 
building.    It  supported  at  its  lower  extremity  a  large  and  ponderous 
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copper  ball.  When  this  pendulum  was  put  in  osciUation^  it  moved 
between  its  extreme  limits  very  slowly,  the  time  of  oscillation  being 
about  8  seconds.  In  order  to  render  more  sensible  the  rotation  of 
tiie  plane  of  oscillation  round  the  axis  of  the  pendulum,  little  mounds 
of  Mmd,  Oy  n,fig,  30,  were  placed  upon  a  circle  formed  round  the  axis 
of  oscillation,  and  a  point  projecting  from  the  ponderous  ball  struck 
at  each  oscillation  the  ridge  of  this  moimd,  throwing  off  a  small 
portion  of  the  sand;  and  thus  by  the  continued  motion  of  the 
plane  of  oscillation,  the  top  of  the  ridge  was  gradually  cut  off, 
leaving  a  flat  surface  instead  of  an  an^ar  edge  as  indicated  in 
the  figure.  On  starting  the  pendulum  it  was  01  great  importance 
that  »k  the  commencement  it  should  receive  no  lateral  motion, 
and  that  it  should  be  merely  abandoned  to  the  action  of  gravity, 
without  any  other  disturbing  force.  To  ensure 
this,  at  the  commencement  of  the  operation,  the 
pendulous  ball  was  drawn  to  the  extreme  limit 
of  its  intended  range,  and  tied  there  by  a  thread 
of  silk,  6,^.  31,  to  a  fixed  point.  It  was  started 
by  burning  the  silk  by  means  of  a  match  or  taper, 
at  a  point  near  the  ball. 

This  experiment  has  been  repeated  not  only  by  y\%,  31. 

M.  Foucault  himself,  but  by  many  other  observers 
in  different  parts  of  the  world,  and  though  it  has  not,  as  far  as 
we  are  informed,  been  continued  in  any  single  case  so  long  as  to 
allow  the  plane  of  oscillation  to  make  a  complete  revolution,  its 
continuance  has  been  sufficient  to  determine  the  ang^ar  velocity 
of  the  plane  of  oscillation. 

M.  Foucault  has  more  recently  contrived  another  form  of  experi- 
ment, by  which  the  earth's  rotation  is  demonstrated  by  exhibit- 
ing another  apparent  motion  artificially  produced  by  it.  This 
second  experiment  is  founded  upon  a  principle  of  mechanics,  in 
virtue  of  which  a  solid  body,  whose  form  is  symmetrical  with  rela- 
tion to  a  particular  line,  receiving  a  motion  of  rotation  round  that 
line,  the  direction  of  such  axis  of  rotation  will  remain  invariable 
whatever  motion  of  translatioii  may  be  imparted  to  the  rotating 
body.  K,  therefore,  it  can  be  so  contrived  that  a  body  shall  be 
thus  put  in  rapid  rotation  round  its  axis  of  symmetry,  and  placed 
in  circumstances  so  as  not  to  be  disturbed  by  the  force  of  gravity, 
this  body,  while  it  is  carried  round  with  the  diurnal  rotation  of  the 
eoith,  will  preserve  the  direction  of  its  axis  of  rotation  unchanged. 
While  the  direction  of  this  axis  therefore  is  fixed,  the  position  of 
all  bodies  round  it  being  continually  changed  by  the  rotation  of  the 
earth,  an  observer,  unconscious  of  the  change,  will  refer  the  motion 
to  the  axis  itself;  consequently  that  axis  will  appear  to  have  such 
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«  motion  as  would  result  from  die  relatioii  between  the  bodies 
moved  by  the  eartii's  rotation,  and  its  own  fixed  direction. 

M,  FoncBult  has  realised  this  by  an  instrument  to  which  he  has 
given  the  name  of  gyroscope.  A  heavy  metallic  ring  a  a,  Jigs.  3  2 
and  33,  is  mounted  upon  an  axis  bb,  which 
is  fixed  to  its  centre  and  perpendicular  to  its 
lat^al  facee.  This  disk,  which  is  very 
massive,  is  so  formed,  that  its  matter  shall 
\si  be  principally  collected  romid  its  drcnm- 
ference,  the  central  part  being  comparatively 
light.  The  axis  bhia  supported  at  its  two 
extremities  by  two  pivots  ronnd  which  the 
disk  a  a  can  tnm  fiWy.  These  two  pivots 
are  formed  in  a  ring  c  e  fundahed  with  two 
knife-edges  like  those  upon  which  the  beam  of  a  halance  is  aus- 
pMidod.  These  kni&-e^;es  d  4  rast  in  cavities  formed  for  tiiem  at 
two  opposite  points  of  the  vertical  ring  «  e.  This  ring  itself  is 
suspended  by  a  wire  of  some  lengtii  which  allows  it  to  tiim  freely 
round  the  vertical  line  on  which  the  wire  is  directed ;  and  to 
prevent  the  wire  with  what  it  supports  from  receiving  a  pen- 
dulous motion  from  any  disturbing  cause,  the  ring  b  fliniiehed 
below  with  a  fine  point,  which  ent«is  a  hole  large  enough  to  allow 
it  to  turn  freely  without  Action.  This  mode  of  sospension  of 
the  disk  a  a,  «nd  the  axis  I  h,  which  is  united  with  it,  evidently 
allows  the  direction  of  the  axis  &  i  to  vary  is  all  posshle  ways. 
By  making  the  ring  e  «  turn  romid  tlie  Tertical,  which  passes 
through  the  suspending  wire  and  throng  the  inferior  point,  tiie 
axis  b  b  can  be  directed  in  any  vertical  plane  whatever.  In  like 
manner,  by  makiog  the  ring  c  0  turn  upon  the  knife-edges  d  d,  the 
inclination  of  the  axis  i  b  can  he  varied  at  will,  and  these  two 
motions  can  be  produced  without  any  seneiUe  Tariaticn  whatever. 
This  apparatus  has  been  conetracted  with  the  most  exquisite  de< 
gree  of  perfection  by  it.  G.  Froment  of  Paris,  so  that  the  centre  of 
grevityof  the  disk  aaispredselynponits  axis  of  rotation,  and  the 
centre  of  gravity  of  the  range  <:  c  is  found  also  exactly  upon  the 
axis  of  the  two  knife-edges  dd.  It  follows  from  this,  j&'rt,  that 
gravity  has  no  efiect  whidever  upon  the  motion  of  rotation  of  tbe 
disk  reund  its  axis  of  symmetry ;  and  seconSt/,  that  it  cannot  in  any 
manner  tend  to  vary  the  inclination  of  the  axis  b  b,hy  m^ing  the 
ring  e  c  turn  round  tiie  line  of  suspension  formed  by  the  knife-edges. 
To  perform  the  experim^it,  the  part  of  the  apparatus  which  is 
represented  separately  in  ^.  32  is  taken  off,  and  is  placed  on  a 
machine  adapted  to  impart  to  the  disk  a  a  an  extremely  rapid  motion 
of  rotation  by  means  of  the  amall-tootiLed  pinion  0.    When  the 
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didt  is  Uius  put  in  ntation,  it  is  ngwn  plkced  vitli  the  ring  ce  in 
die  position  indicated  in^.  33.    Theaxia66haTiiig  thus  the  hori- 


zontsl  directtoD,  makea  an  ang-le  widi  the  axis  of  the  eartli,  and 
will  consequently  appear  to  be  moyed  round  tbia  line;  but  thia 
apparent  motion  can  only  be  produced  in  so  far  as  tbe  ring  c  e  turns 
bj  degrees  round  tbe  knife-edges  Ad,  and  at  the  same  time  the 
vertic^  riu^  e  e  tarns  round  the  auEtaining  wire.  This  last  move- 
ment can  be  observed  by  Ibe  aid  of  a  microscope  m  pUced  near  the 
apparatus,  and  directed  to  a  small  divided  plate  >  which  the  ring 
e  «  carries.  The  divisions  of  this  little  p1at«  pass  one  by  one  before 
the  micromet«i  wires  of  the  microscope  absolutely  in  the  same 
manneT  as  stars  are  observed  t«  pass  before  the  micrometer  wires 
of  an  astronomical  telescope. 
The  apparent  motion  is  obviously  due  to  tiie  rotation  of  the  earth 
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referred  to  the  fixed  direction  of  the  axis  of  symmetiy  of  the  rota- 
ting ring. 

1 06.  Analogy  supplies  evldenoe  of  tbe  earth's  rotation. — 

The  obvious  analogy  of  the  planets  to  the  earthy  which  will  appear 
more  fuUy  hereafter,  would  supply  strong  evidence  in  favour  of  the 
earth's  rotation,  even  if  positive  demonstration  were  wanting.  All 
the  planets  are  globes  like  the  earth  receiving  light  and  heat  from 
the  same  luminaiy,  and,  like  the  earth,  revolving  round  it.  Now 
all  the  planets  which  we  have  been  enabled  to  observe  have  motions 
of  rotation  on  axes,  in  times  not  very  different  from  that  of  the 
earth. 

107.  Flffure  of  the  earth  supplies  another  proof. — Besides 
these,  it  has  been  shown  in  a  preceding  chapter  that  another  proof 
of  the  rotation  of  the  earth  is  supplied  by  a  peculiar  departure  from 
the  strictly  globular  form  (68). 

108.  Bow  this  rotation  of  the  earth  explains  the  diurnal 
phenomena. — We  are  then  to  conclude  that  the  earth,  being  a 
globe,  has  a  motion  of  uniform  rotation  round  a  certain  diameter. 
The  universe  around  it  is  relatively  stationary,  and  the  bodies 
which  compose  it  being  at  distances  which  mere  vision  cannot 
appreciate,  appear  as  if  they  were  situate  on  the  surface  of  a  vast 
celestial  sphere  in  the  centre  of  which  the  earth  revolves.  This 
rotation  of  the  earth  gives  to  the  sphere  the  appearance  of  revolving 
in  the  contrary  direction,  as  the  progressive  motion  of  a  boat  on  a 
river  gives  to  the  banks  an  appearance  of  retrogressive  motion ;  and 
since  the  apparent  motion  of  the  heavens  is  from  east  to  west,  the 
real  rotation  of  the  earth  which  produces  that  appearance  must  be 
from  west  to  east. 

How  this  motion  of  rotation  explains  the  phenomena  of  the  rising 
and  setting  of  celestial  objects  is  easily  understood.  An  observer 
placed  at  any  point  upon  ike  surface  of  the  earth  is  carried  round 
the  axis  in  a  circle  in  twenty-four  hours,  so  that  every  side  of  the 
celestial  sphere  is  in  succession  exposed  to  his  view.  A^  he  is  carried 
upon  the  side  opposite  to  that  in  which  the  sun  is  placed,  he  sees 
the  starry  heavens  visible  in  the  absence  of  the  splendour  of  that 
luminary.  As  he  is  turned  gradually  towards  the  side  where  the 
sun  is  placed,  its  light  begins  to  appear  in  the  firmament,  the  dawn 
of  morning  is  manifested,  and  the  globe  continuing  to  turn,  he  is 
brought  into  view  of  the  luminary  itself,  and  all  the  phenomena  of 
dawn,  morning,  and  sunrise  are  exhibited.  While  he  is  directed 
towards  the  side  of  the  firmament  in  which  the  sun  is  placed,  the 
other  bodies  of  inferior  lustre  are  lost  in  the  splendour  of  that  lumi- 
nary, and  all  the  phenomena  of  day  are  exhibited.  When  by  the 
continued  rotation  of  the  globe  the  observer  begins  to  be  turned 
away  from  the  direction  of  the  sun,  that  luminary  declines,  and  at 
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lengdi  disappears^  producing  all  the  phenomena  of  evening  and  sun- 
set 

Such^  in  general,  are  the  effects  which  would  attend  the  motion 
of  a  spectator  placed  upon  the  earth's  sur£Eice,  and  carried  round  with 
it  by  its  motion  of  rotation.  He  is  the  spectator  of  a  gorgeous 
diorama  exhibited  on  a  vast  scale,  the  earth  which  forms  his  station 
being  the  reyolving  stage  by  which  he  is  carried  round,  so  as  to  view 
in  succession  the  spectacle  which  surrounds  him. 

These  appearances  yaiy  with  the  position  assumed  by  the  observer 
on  this  revolving  stage,  or,  in  other  words,  upon  his  situation  on  the 
earth,  as  will  presently  appear. 

109.  Tlie  eartb*s  axis. — ^That  diameter  upon  which  it  is  neces- 
sary to  suppose  the  earth  to  revolve  in  order  to  explain  the  pheno- 
mena is  that  which  passes  through  the  terrestrial  poles. 

no.  Tbe  terrestrial  equator, poles,  and  meridians. — If  the 
globe  of  the  earth  be  imagined  to  be  cut  by  a  plane  passing  through 
its  centre  at  right  angles  to  its  axis,  such  a  plane  will  meet  the 
surface  in  a  circle,  which  will  divide  it  into  two  hemispheres,  at  the 
summits  of  which  the  poles  are  situate.    This  circle  is  called  the 

TSSKESTEIAL  SQUATOB. 

That  hemisphere  which  includes  the  Continent  of  Europe  is 
called  the  nobthebn  hemisphebe,  and  the  pole  which  it  includes 
is  called  the  nobthebn  iebbestbial  pole  ;  the  other  hemisphere 
being  the  sottthebn  hemisphebe,  and  including  the  sottthebit 
xkbbesibial  pole. 

If  the  surface  of  the  earth  be  imagined  to  be  intersected  by  planes 
passing  through  its  axis,  they  will  meet  the  surface  in  circles  which, 
passing  through  the  poles,  will  be  at  right  angles  to  the  equator. 
These  circles  are  called  tebbestbl^l  mertdtans,  and  will  be  seen 
deHmeated  on  any  ordinary  terrestrial  globe. 

111.  Katitnde  and  longitude. —  The  positions  of  places  upon 
the  sur&ce  of  the  earth  are  expressed  and  indicated  by  stating  their 
distance  north  or  south  of  the  equator,  measured  upon  a  meridian 
passiog  through  them,  and  by  the  distance  of  such  meridian  east  or 
west  of  some  fixed  meridian  arbitrarily  selected,  such  as  the  me- 
ridian passing  through  the  observatory  at  Greenwich.  The  former 
distance,  expressed  in  degrees,  minutes,  and  seconds,  is  called  the 
Latitude,  and  the  latter,  similarly  expressed,  the  LoNarruDE  of 
the  place. 

112.  Fixed  meridians  —  tbose  of  Oreenwicli  and  Paris.  — 
As  no  natural  phenomenon  is  found  by  which  a  fixed  meridian  from 
which  longitude  is  measured  can  be  determined,  astronomers  and 
geographers  have  not  agreed  m  the  arbitrary  selection  of  one.  The 
meridians  of  the  Greenwich  and  Paris  observatories  have  been 
taken,  the  former  by  English,  and  the  latter  by  French  authorities, 
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as  the  Btaiting-point.  To  reduce  the  loDgitude§  expresaed  bj 
either  to  the  other,  it  is  onlj  neceMoiy  to  add  or  subtract  the  angle 
under  the  meiidiana  of  the  two  observatorieB,  the  moet  recent  deter- 
minatdon  of  which  ha«  beea  Mcertained  to  be  z°  zo'  g"'$,  the 
meridian  of  Paris  being  east  of  that  of  Qreenwich. 

113.  Mow  Ibm  dinmal  ptMnomBna  tbit  wia  ttaa  latttnde. 
— Let  SA  TS%Jig.  34,  lepresent  the  earth  suspended  in  space,  sur- 
rounded at  an  immeasumble  distance  by  the  stellar  universe.  The 
magnitnde  of  the  earth  being  abeoliit«lj  insignificaDt  comptued 
with  the  distances  of  the  stars,  the  aspect  of  these  trill  be  the  same 


whether  they  ate  viewed  from  any  point  on  its  surface,  or  from  it 
centre.    The  ohserrei  may  therefore,  whatever  be  his  poution  0 
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the  earthy  be  considered  as  looking  from  the  centre  of  the  celestial 
i^^ere. 

Let  us  suppose^  in  the  first  place,  the  observer  to  be  at  0^  a  point 
<m  its  snz&ce  between  the  equator  x  and  the  north  pole  if,  the  lati- 
tude of  which  will  therefore  be  0  jb^  and  will  be  measured  by  the 
angle  00  jb.  If  a  line  be  imagined  to  be  drawn  from  the  centre  0 
thiongh  the  place  0  of  the  observer^  and  continued  upwards  to  the 
firmament^  it  will  arrive  at  the  point  z,  which  is  the  zenith  of  the 
observer.  If  the  terrestrial  axis  s  N  be  imagined  to  be  continued 
to  the  firmament,  it  will  arrive  at  the  north  celestial  pole  n  and  the 
sooth  celestial  pole  s.  If  the  plane  of  the  terrestrial  equator  ^  q  be 
suppoeed  to  be  continued  to  the  heavens,  it  wiQ  intersect  the  surface 
of  the  celestial  sphere  at  the  celestial  equator  te  q. 

The  observer  placed  at  0  will  see  the  entire  hemisphere  hzh'  of 
which  his  zenith  z  is  the  summit;  and  the  other  hemisphere  hsh^ 
will  be  invisible  to  him,  being  in  fact  concealed  from  his  view  by 
the  earth  on  which  he  stands. 

It  is  evident  that  the  arc  of  the  heavens  zn  between  his  zenith 
and  the  north  celestial  pole  consists  of  the  same  number  of  degrees 
•0  the  arc  ON  of  the  terrestrial  meridian  between  his  place  of  ob- 
■emration  0  and  the  north  terrestrial  pole  n.  The  zenith  distance 
'  tharefore  of  the  visible  pole  at  any  place  is  always  equal  to  the  actual 
distance  expressed  in  degrees  of  that  place  from  the  terrestrial  pole, 
■and  as  this  distance  is  the  complement*  of  the  latititde,  it 
foDows  that  the  zenith  distance  of  the  visible  pole  is  the  comple- 
ment of  the  latitude,  and  that  the  altitude  of  the  visible  pole  is  equal 
-to  the  latitude  of  the  place. 

114.  IHetliod  of  flttdinflr  the  latitude  of  the  place. —  The 
latitude  of  the  place  of  observation  may  therefore  be  always  deter- 
mined if  the  altitude  of  the  celestial  pole  can  be  observed.  If  there 
were  any  star  situate  precisely  at  the  pole,  it  would  therefore  be 
sufficient  to  observe  its  altitude.  There  is,  however,  no  star  exactly 
ai  the  pole,  although,  as  has  been  already  observed,  the  pole  stab  is 
very  near  it.  The  altitude  of  the  pole  is  found,  therefore,  not  by  one, 
but  by  two  observations.  The  pole  star,  or  any  other  star  situate 
near  the  pole,  is  carried  round  it  in  a  circle  by  the  apparent  diurnal 
motion  of  the  sphere,  and  it  necessarily  crosses  the  meridian  twice 
in  each  revolution,  once  ahove,  and  once  behw  the  pole.  Its  altitude 
in  the  latter  position  is  the  least,  and  in  the  former  the  greatest  it 
ever  has  ;  and  the  pole  itself  is  just  midway  between  these  two  ex- 
treme positions  of  this  circumpolar  star.  To  find  the  actual  altitude 
of  the  pole,  it  is  only  necessary  therefore  to  take  the  mean,  that  is, 

*  The  complement  of  an  angle  or  arc  is  that  number  of  degrees  by  which 
it  differs  from  90°.    Thva  30°  is  the  complement  of  60^. 
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half  the  sum  of  these  two  extreme  altitudes.  By  makiiig  the  same 
ohservations  with  several  cireimipolar  stars^  and  taMng  a  meaa  of 
the  whole^  still  greater  accuracy  may  be  attained. 

1 1  (;.  Position  of  celestial  equator  and  poles  varies  witli 
the  latitude. —  Since  the  altitude  of  the  celestial  pole  is  every- 
where equal  to  the  latitude  of  the  place^  and  since  the  position  of 
the  celestial  equator  and  its  parallels  in  which  all  celestial  objects 
appear  to  be  moved  by  the  diurnal  rotation^  varies  with  that  of  the 
polC;  it  is  evident  that  the  celestial  sphere  must  present  a  different 
appearance  to  the  observer  at  every  different  latitude.  In  proceed- 
ing towards  the  terrestrial  pole^  the  celestial  pole  will  gradually 
approach  the  zenith^  until  we  arrive  at  the  terrestrial  pole,  when 
it  will  actually  coincide  with  that  point;  and  in  proceeding  towards 
the  terrestrial  equator  the  celestial  pole  will  gradually  descend 
towards  the  horizon^  and  on  arriving  at  the  Line  it  will  be  actually 
on  the  horizon. 

1 1 6.  Parallel  spbere  seen  at  tbe  poles. — At  the  poles^  there- 
forCy  the  celestial  pole  being  in  the  zenith;  the  celestial  equator 
will  coincide  with  llie  horizon,  and  by  the  diurnal  motion  all  objects 
will  move  in  circles  parallel  to  the  horizon.  Every  object  will 
therefore  preserve  during  twenty-four  hours  the  same  altitude  and 
the  same  zenith  distance.  No  object  will  either  rise  or  set^  at  least 
80  £Eir  as  the  diurnal  motion  is  concerned. 

This  aspect  of  the  firmament  is  called  a  parallel  sphebe,  the 
motion  being  parallel  to  the  horizon. 

117.  Riffbt  spbere  seen  at  the  equator. — At  the  terrestrial 
equator,  the  poles  being  upon  the  horizon,  the  axis  of  the  celestial 
sphere  will  coincide  with  aline  drawn  upon  the  plane  of  the  horizon 
connecting  the  north  and  south  points.  The  celestial  equator  and  its 
parallels  will  be  at  right  angles  to  the  plane  of  the  horizon ;  and 
since  the  plane  of  the  horizon  passes  through  the  centre  of  all  the 
parallels,  it  will  divide  them  all  into  equal  semicircles. 

It  follows,  therefore,  that  all  objects  on  the  heavens  will  be  equal 
times  above  and  below  the  horizon,  and  that  they  will  rise  and  set  in 
planes  perpendicular  to  the  horizon. 

This  aspect  of  the  firmament  is  called  a  bight  sphebe,  the  diurnal 
motion  being  at  right  angles  to  the  horizon. 

118.  Oblique  spbere  seen  at  intermediate  latitudes.  — At 
latitudes  between  the  equator  and  pole,  the  celestial  pole  holds  a 
place  between  the  horizon  and  the  zenith  determined  by  the  latitude. 
The  celestial  equator  (b  q,Jig,  34,  and  its  parallels,  are  inclined  to 
the  plane  of  the  horizon  at  angles  equal  to  the  distance  of  the  pole 
from  the  zenith,  and  therefore  equal  to  the  complement  of  the  la- 
titude. The  centres  of  all  parallels  to  the  celestial  equator  €B  q 
which  are  between  it  and  the  visible  pole  are  above  the  plane  of  the 
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haiUQny  between  c  and  K,  and  the  centres  of  all  parallels  at  the  othei* 
flbde  of  the  equator  below  it.  The  parallels^  such  as  V  m'  and 
I  my  will  therefore  be  all  divided  unequally  by  the  plane  of  the 
haxixony  the  visible  part  V  r'  being  greater  llian  the  invisible  part 
nff  r'  iat  the  former^  and  the  invisible  part  m  r  greater  than  the 
-yisiUe  part  /  r  for  the  latter. 

It  followB^  therefore^  that  all  objects  between  the  celestial  equator 
<p  f  and  the  visible  pole  n  will  be  longer  above  than  below  the  ho- 
xiiOD^  and  all  objects  on  the  other  side  of  the  equator  will  be 
longer  below  the  horizon  than  above  it. 

A  parallel  A'  A/  to  the  celestial  equator,  whose  distance  from  the 
visible  pole  is  equal  to  the  latitude,  will  be  entirely  above  the  ho- 
lixon,  just  touchhig  it  at  the  point  under  the  visible  pole ;  and  a 
ooizesponding  parallel  A  A;,  at  an  equal  distance  from  the  invisible 
pole,  will  be  entirely  below  the  horizon,  just  touching  it  at  the  point 
above  the  invisible  pole. 

All  parallels  nearer  to  the  visible  pole  than  A'  A;' will  be  entirely 
above  the  horizon,  and  all  parallels  nearer  to  the  invisible  pole  than 
A  k  will  be  entirelv  below  it. 

Hence  it  is  that,  in  European  latitudes,  stars  within  a  certain 
limited  distance  of  the  north  or  visible  celestial  pole  never  set,  and 
stars  at  a  corresponding  distance  from  the  south  or  invisible  celestial 
pole  never  rise. 

The  observer  can  only  see  these  by  going  to  places  of  observation 
having  lower  latitudes. 

This  aspect  of  the  firmament  is  called  an  obliqtte  sphebe,  the 
diurnal  motion  being  oblique  to  the  horizon. 

119.  Objeets  in  celestial  equator  equal  times  above  and 
below  borizon. — "VMiether  the  sphere  be  right  or  oblique,  the 
centi'e  of  the  celestial  equator  being  on  the  plane  of  the  horizon, 
one  half  of  that  circle  will  be  below,  and  the  other  above  the  horizon. 
Every  object  upon  it  will  therefore  be  equal  times  above  and 
below  the  horizon,  rising  and  setting  exactly  at  the  east  and  west 
points. 

In  the  parallel  sphere,  the  celestial  equator  coincidiog  with  the 
horizon,  an  object  upon  it  will  be  carried  round  the  horizon  by  the 
diurnal  rotation,  wiliiout  either  rising  or  setting.* 

120.  lletliod  of  determining  the  lonyitade  of  places. — 
This  perfect  uniformity  of  the  earth's  rotation,  inferred  from  the 

*  The  teacher  will  find  it  advantageous  to  exercise  the  student  in  the  sub- 
ject of  the  preceding  paragraphs,  aided  by  an  armillary  sphere,  or,  if  that  be 
not  accessible,  by  a  celestial  globe,  which  will  serve  nearly  as  well.  Many 
questions  will  suggest  themselves,  arising  out  of  and  dedudble  from  what 
has  been  explained  above,  with  re^>ect  to  the  various  altitudes  of  the  sphere 
in  diflferent  latitudes. 
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observed  uniformity  of  the  apparent  rotation  of  the  firmament^  is 
the  basis  of  all  methods  of  determining  the  longitude.  The  longi- 
tude of  a  place  will  be  determined  if  tiie  angle  under  the  meridian 
of  the  place^  and  that  of  any  other  place  whose  Icmgitude  is  known^ 
can  be  found.  But  since^  by  the  uniform  rotation  of  the  globe^  the 
meridians  of  all  places  upon  it  are  brought  in  regular  succession 
under  every  part  of  the  firmament^  the  moments  at  which  the  two 
meridians  pass  under  the  same  star^  or^  what  is  the  same^  the  mo- 
ments at  which  the  same  star  is  seen  to  pass  over  the  two  meridians^ 
being  observed^  the  interval  will  bear  l^e  same  ratio  to  the  entire 
time  of  the  earth's  rotation  as  the  difference  of  the  longitudes  of  the 
two  places  bears  to  360^ 

To  make  this  more  dear^  let  us  take  the  case  of  two  places  p  and 
"S^jfig*  35;  upon  the  equator.    If  c  be  the  centre  of  the  earthy  the 

angle  p  c  p'  will  be  the  difference  between 
.^^  the  longitudes.  Now,  let  the  time  be  ob- 
s  served  at  each  place  at  which  any  parti- 
cular star  8  is  seen  upon  the  meridian.  If 
the  motion  of  the  earth  be  in  the  direction 
of  the  arrow,  the  meridian  of  p  will  come 
to  the  star  before  the  meridian  of  V,  This 
necessarily  supposes  p  to  be  east  of  p',  since 
the  earth  revolves  from  west  to  east.  Let 
the  true  interval  of  time  between  the 
passage  of  s  over  the  two  meridians  be  t, 
let  T  be  the  time  of  one  complete  revolution 
of  the  globe  on  its  axis,  and  let  L  be  the 
difference  of  the  longitudes,  or  the  angle 
p  c  p'j  we  shall  then  have 

^ :  T  ::  L  :  360®, 

Fig:  35.  ^=T^  3^°*'* 

But  in  the  practical  solution  of  this  problem  a  difficulty  is  presented 
which  has  conferred  historical  celebrity  upon  the  question,  and 
caused  it  to  be  referred  to  as  the  type  of  all  difficult  enquiries.  It 
is  supposed,  in  what  has  just  been  explained,  that  means  are  pro- 
vided at  the  two  places  p  and  p'  by  which  the  absolute  moments  of 
the  transit  of  the  star  over  the  respective  meridians  may  be  ascer- 
tained, so  as  to  give  the  exact  interval  between  them.  If  these  times 
of  transit  be  observed  by  any  form  of  chronometer,  it  would  then  be 
necessary  that  the  two  chronometers  should  be  in  exact  accordance, 
or,  what  is  the  same,  that  their  exact  difference  may  be  known. 
If  a  chronometer,  set  correctly  by  another  which  is  stationary  at 
one  place  p,  be  transported  to  the  other  place  p',  this  object  will  be 
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attuned,  sobject,  however^  to  the  error  which  may  be  incidental  to 
the  rate  of  the  chronometer  thus  transported.  If  the  distance  be- 
tween the  places  be  not  considerable^  the  chronometers  may  thus 
be  brought  into  very  exact  accordance ;  but  when  the  distance  is 
gieat^  and  that  a  long  interral  must  elapse  during  the  transport 
of  the  chronometer;  this  expedient  is  subject  to  errors  too  con- 
fliderable  to  be  tolerated  in  the  solution  of  a  problem  of  such  capital 
importance.* 

It  wiU  be  apparent  that  the  real  object  to  be  attained  is^  to  find 
some  phenomenon  sufficiently  instantaneous  in  its  manifestation  to 
maik,  with  all  the  necessary  precision^  a  certain  moment  of  time. 
Such  a  phenomenon  would  be^  for  example,  the  sudden  extinction 
of  a  conspicuous  light  seen  at  once  at  both  places.  The  moment 
of  such  a  phenomenon  being  observed  by  means  of  two  chrono- 
imeters  at  the  places^  the  difierence  of  the  times  indicated  by  them 
"would  be  known^  and  they  would  then  serve  for  the  determination 
of  the  difference  of  the  longitudes  by  the  method  explained  above. 
Several  phenomena^  both  terrestrial  and  celestial^  have  accordingly 
been  used  for  this  purpose.  Among  the  former  may  be  mentioned 
the  sudden  extinction  of  the  oxyhydrogen  or  electric  light,  the  ex- 
plosion of  a  rocket^  &c. ;  among  the  latter^  the  extinction  of  a  star 
by  the  disk  of  the  moon  passing  over  it,  and  the  eclipse  of  the 
satellites  of  Jupiter^  phenomena  which  will  be  more  fully  noticed 
hereafter. 

121.  Knnar  metbod  of  flndinff  the  lonyitnde. — The  change 
of  poidtion  of  the  moon  with  relation  to  the  sun  and  stars  being 
yeiy  rapid^  affords  another  phenomenon  which  has  been  found  of 
great  utility  in  the  determination  of  the  longitude,  especially  for 
the  purposes  of  mariners.  Tables  are  calculated  in  which  the 
moon's  apparent  distances  from  the  sun,  and  many  of  the  most 
conspicuous  fixed  stars,  are  given  for  short  intervals  of  time,  and 
the  exact  times  at  Greenwich  when  the  moon  has  these  distances 
are  given.  If  then  the  mariner,  observing  with  proper  instruments 
the  position  of  the  moon  with  relation  to  these  objects,  compares 
his  observed  distances  with  the  tables  which  are  supplied  to  hhn  in 
the  Nautical  Almanac^  he  will  find  the  time  at  Greenwich  corres- 
ponding to  the  moment  of  his  observation;  and  being  always,  by 
the  orcQnary  methods,  able  to  determine  by  observation  the  local 
time  at  the  place  of  his  observation,  the  difierence  gives  him  the 
time  required  for  a.  star  to  pass  from  the  meridian  of  Greenwich  to 

*  DoriQg  the  determination  of  the  longitude  of  the  island  of  Yalentia,  on 
the  western  coast  of  Ireland,  in  the  year  1844,  which  was  performed  by 
transporting  a  considerable  nnmber  of  chronometers  between  Greenwich  and 
that  island,  it  was  found  that  the  effect  of  travelling  on  pocket  chronometers, 
carefully  packed,  was  to  cause  them  to  lose  0*7  per  day  over  their  stationary 
rates. 
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the  meridian  of  the  place  of  his  observation^  or  vice  versa;  and  this 
time  gives  the  longitude^  as  already  explained. 
This  last  is  known  as  the  Lunab  hethoi)  of  dbieshining  the 

LONailTIDE. 

In  practice,  many  details  are  necessary^  and  varions  calculations 
must  be  made,  which  cannot  be  explained  here. 

122.  ICetliod  by  the  eleetrie  telecriHiili. — The  determina- 
tion of  differences  of  longitude  by  the  aid  of  galvanism,  when  the 
two  observing  stations  are  coimected  by  a  line  of  electric  telegraph, 
has  been  generally  adopted  since  the  year  1853,  not  only  for  the 
simplicity  of  the  method  of  observation,  but  for  the  great  accuracy 
of  the  result  obtained.  A  galvanic  signal  is  transmitted  from 
one  station  to  the  other,  causing  a  simultaneous  deflection  of  a 
magnetic  needle  at  the  two  stations,  the  exact  instant  of  which  is 
recorded  by  an  observer.  These  signals  are  generally  continued 
through  an  interval  of  time  previously  agreed  upon,  which  in  most 
cases  is  one  hour.  To  destroy  the  effect  of  a  constant  error 
arising  from  the  retardation  of  the  galvanic  current,  which  would 
result  if  all  the  signals  were  sent  from  one  station,  it  is  the 
general  rule  that  during  the  first  quarter  of  an  hour  the  signals  are 
made  at  one  station,  as  at  Qreenwich  for  instance;  during  the 
second  quarter  they  are  transmitted  from  the  other  station,  such  as 
Paris ;  in  the  third  quarter,  Greenwich  would  signal ;  and  in  the 
last,  tiie  signals  would  be  received  frx)m  Paris. 

The  true  sidereal  time  at  which  the  signal  was  observed  is  found 
by  carefully  determining  the  error  of  liie  dock  by  transits  of  a 
series  of  special  stars  which  are  observed  if  possible  at  the  two  ob- 
servatories. The  difference  of  longitude  is  tiius  easily  obtained  by 
simply  taking  the  difference  between  the  sidereal  times  correspond- 
ing to  the  respective  signals  observed  at  the  two  stations. 

In  observatories  which  have  adopted  the  chronographic  method 
of  recording  transits,  the  results  may  be  made  still  more  accurate  by 
a  simultaneous  registration  of  the  galvanic  signals  on  the  apparatus 
at  both  stations.  Owing,  however,  to  the  difficulty  of  obtedning  a 
proper  apparatus,  this  method  has  not  yet  been  generally  used, 
though  a  successful  determination  of  the  difference  of  longitude  be- 
tween Greenwich  and  Edinburgh  has  been  made. 

123.  Parallels  of  latitude. — A  series  of  points  on  the  earth 
which  are  at  equal  distances  from  the  equator,  or  which  have  the 
same  latitude,  form  a  circle  parallel  to  the  equator,  called  a 

PABALLEL  OF  LATITTJDE. 

Thus  all  places  which  have  the  same  latitude  are  on  the  same 
parallel. 

AU  places  which  are  on  the  same  meridian  have  l^e  same  longi- 
tude. 
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ANNUAIi  MOTION  OF  THE  EARTH. 

124.  Appfent  motton  of  the  snn  in  the  heaveiw. — Inde- 
pendently of  the  motion  which  the  eun  has  in  common  with  the 
entire  finnament^  and  in  virtue  of  which  it  rises^  ascends  to  the 
meridian,  and  sete^  it  is  observed  to  change  its  position  from  day  to 
day  with  relation  to  the  other  celestial  objects  among  which  it  is 
placed.  In  this  respect,  therefore,  it  differs  essentially  from  the 
gtears,  which  maintain  their  relative  positions  for  months,  years, 
and  ages,  imaltered. 

If  the  exact  position  of  the  san  be  observed  from  day  to  day  and 
from  month  to  month,  through  the  year,  with  reference  to  the 
tsktOBf  it  will  be  foimd  that  it  has  an  apparent  motion  among  them 
in  a  great  circle  of  the  celestial  sphere,  the  plane  of  which  forms 
an  angle  of  23°  28'  with  the  plane  of  the  celestial  equator. 

125.  Ascertained  by  the  transit  Instrument  and  mural 
elreie. — ^This  apparent  motion  of  the  sun  was  ascertained  with 
considerable  precision  before  the  invention  of  the  telescope  and  the 
subsequent  and  consequent  improvement  of  the  instruments  of 
observation.  It  may,  however,  be  made  more  clearly  manifest  by 
the  transit  instrument  and  mural  circle. 

If  the  transit  of  the  sun  be  observed  daily  (28),  and  its  right 
aflcension  be  ascertained  (3 1 ),  it  will  be  found  that  from  day  to  day 
the  light  ascension  continually  increases,  so  that  the  circle  of  de- 
clination (30)  passing  through  the  centre  of  the  sun  is  carried  with 
the  sun  round  the  heavens,  making  a  complete  revolution  in  a  year, 
and  moving  constantly  from  west  to  east,  or  in  a  direction  contrary 
to  the  apparent  diurnal  motion  of  the  firmament. 

If  the  point  at  which  the  sun's  centre  crosses  the  meridian  daily 
be  observed  with  the  mural  circle  (34),  it  will  be  found  to  change 
from  day  to  day.  Let  its  distance  from  the  celestial  equator,  or 
its  declination,  be  observed  (41)  daily  at  noon.  It  will  be  found 
to  be  nothing  on  the  21st  of  March  and  21st  of  September,  on 
which  days  the  polar  distance  of  the  sun's  centre  will  be  therefore 
90^  The  sun's  centre  is,  then,  on  these  days,  in  the  celestial 
equator.  After  the  2 1  st  of  March  the  sun's  centre  will  be  north  of 
the  equator,  and  its  declination  will  continually  increase,  imtil  it 
becomes  2  3  ^  2  8'  on  the  2 1  st  of  June.  It  will  then  begin  slowly  to 
decrease,  and  will  continue  to  decrease  imtil  the  2 1  st  of  September, 
when  the  centre  of  the  sun  will  again  be  in  the  equator.  After  that 
it  wiU  pass  the  meridian  south  of  the  equator,  and  will  consequently 
have  south  declination.    This  will  increase,  until  it  becomes  23^28' 
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on  the  2 1  st  of  December ;  after  whicli  it  will  decrease  until  the 
centre  of  the  sun  returns  to  the  equator  on  the  2 1st  of  March. 

By  ascertaining  the  position  of  the  centre  of  the  sun's  didk  from 
day  to  day;  by  means  of  its  right  ascension  and  declination  (42); 
and  tracing  its  course  upon  the  surface  of  a  celestial  globe,  its  path 
is  proved  to  be  a  great  circle  of  the  heavens^  incUned  to  the 
equator  at  an  angle  of  23°  28^ 

126.  The  eeliptle. — This  great  circle  in  which  the  centre  of 
the  disk  of  the  sun  thus  appears  to  move,  completing  its  revolution 
in  it  in  a  year,  is  called  the  ecliptic^  because  solar  and  lunar  eclipses 
can  never  take  place  except  when  tiie  moon  is  in  or  very  near  it. 

127.  The  equinoxial  points. — The  ecliptic  intersects  the 
celestial  equator  at  two  points  diametrically  opposite  to  each  other^ 
dividing  the  equator^  and  being  divided  by  it  into  equal  parts. 
These  are  called  the  eqttinoxeal  points,  because,  when  the  centre 
of  the  solar  disk  arrives  at  them,  being  then  in  the  celestial 
equator,  the  sun  will  be  equal  times  above  and  below  the  horizon 
(119),  and  the  days  and  nights  will  be  equal. 

1 28.  The  ▼ernal  and  autamnal  equinoxes* — ^The  equinoxial 
point  at  which  the  sun  passes  from  the  south  to  the  north  of  the 
celestial  equator  is  called  the  veketax,  and  that  at  which  it  passes 
from  the  north  to  the  south  is  called  the  JlUTUKSAJL,  equinoxial 
point.  The  tdces  at  which  the  centre  of  the  sim  is  found  at 
these  points  are  called^  respectively,  the  tebnal  and  autumnal 

EQUINOXES. 

The  vernal  equinox,  therefore,  takes  place  on  the  2i8t  of  March, 
and  the  autumnal  on  the  2 1  st  of  September. 

129.  The  seasons. — That  semicircle  of  the  ecliptic  through 
which  the  sun  moves  from  the  vernal  to  the  autumnal  equinox  is 
north  of  the  celestial  equator ;  and  during  that  interval  the  sim 
will  therefore  be  longer  above  than  below  the  horizofi,  and  will 
pass  the  meridian  above  the  equator  in  places  having  north  lati- 
tude. The  days,  therefore,  during  that  half-year  will  be  longer 
than  the  nights. 

That  semicircle  through  which  the  centre  of  the  sun  moves  from 
the  autumnal  to  the  vernal  equinox  being  south  of  the  celestial 
equator,  the  sun,  for  like  reasons,  will  during  that  half-year  be 
longer  below  than  above  the  horizon,  and  the  days  will  be  shorter 
than  the  nights,  the  sun  rising  to  a  point  of  the  meridian  below 
the  equator. 

The  three  months  which  succeed  the  vernal  equinox  are  called 
SPBINO,  and  those  which  precede  it  winteb;  the  three  months 
which  precede  the  autumnal  equinox  are  called  suhmeb,  and  those 
which  succeed  it  autumn. 
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130.  The  solfltlees. — Those  points  of  the  ecliptic  which  axe 
midway  between  the  equinoxial  points  are  the  most  distant  from 
the  celestial  equator.  The  arcs  of  the  ecliptic  between  these  points 
and  the  equinoxial  points  are  therefore  go°.  These  are  called  the 
soLBilxiiLL  FOXETTS^  and  the  times  at  which  the  centre  of  the  solar 
disk  passes  through  them  are  called  the  solstices. 

The  summer  solstice,  therefore^  takes  place  on  the  list  of  June 
and  the  winter  solstice  on  the  21  st  of  December. 

This  distance  of  the  summer  solstitial  point  north,  and  of  the 
winter  solstitial  point  south  of  the  celestial  equator  is  23^  28^ 

The  more  distant  the  centre  of  the  sun  is  from  the  celestial 
equator,  the  more  unequal  will  be  the  days  and  nights  (108),  and 
consequently  the  longest  day  will  be  the  day  of  the  summer  solstice, 
and  the  shortest  the  day  of  the  winter  solstice. 

It  will  be  evident  that  the  seasons  must  be  reversed  in  southern 
latitudes,  since  there  the  visible  celestial  pole  will  be  the  south 
pole.  The  summer  solstice  and  the  vernal  equinox  of  the  northern, 
are  the  winter  solstice  and  autumnal  equinox  of  the  southern  hemi- 
^heze.  Nevertheless,  as  the  most  densely  inhabited  and  civilised 
parts  of  the  globe  are  in  the  northern  hemisphere,  the  names  in  re- 
ference to  the  local  phenomena  are  usually  preserved. 

131.  The  zodiac. — The  apparent  motions  of  the  planets  are 
included  within  a  space  of  the  celestial  sphere  extending  a  few  de- 
grees north  and  south  of  the  ecliptic.  The  zone  of  the  heavens  in- 
cluded within  these  limits  is  called  the  zodiac. 

132.  The  slgriui  of  the  sodiao. — The  circle  of  the  zodiac  is 
divided  into  twelve  equal  parts,  called  signs,  each  of  which  there- 
fore measures  30°.  ^ey  are  named  from  principal  constellations, 
or  groups  of  stars,  which  are  placed  in  or  near  ^em.  Beginning 
from  the  vernal  equinoxial  point  they  are  as  follows:  — 


Sign. 

I.  Aries  (the  ram)      -  -  -  HP 

X.  Taurua  (the  bull)  -  -  -  8 

3.  Gemini  (the  twina)  -  -  H 

4.  Cancer  (the  crab)  •  -  -  3 

5.  Leo  (the  lion)        -  -  -  >? 

6.  Virgo  (the  Tirgin)  -  -  1$ 


8iini. 

?.  Libra  (the  balance)         -  -  :Cb 

.  Scorpio  (the  scorpion)     •  -  V\ 

9.  Sagittarius  (the  archer)  -  -  ^ 

10  Capricornus  (the  goat)     -  '  yf 

11  Aquarius  (the  waterman)  -  IXZ 
12.  Places  (the  fishes)           -  -  ^ 


Thus,  the  position  of  the  vernal  equinoxial  point  is  the  fibst 
POINT  OF  ASiES,  and  that  of  the  autumnal  the  pibsi  point  of 
LEBBA.  The  summer  solstitial  point  is  at  the  fisst  point  of  canceb, 
and  the  winter  at  the  first  point  of  oapbicobn. 

133.  The  tropics. — The  points  of  the  ecliptic  at  which  the 
cen^  of  the  sun  is  most  distant  from  the  celestial  equator  are  also 
called  the  tropics, — the  northern  being  the  tropic  of  cakceb,  and 
the  southern  the  tropic  of  Capricorn. 
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This  term  tropic  is  also  applied  in  geography  to  those  parts  of 
the  earth  whose  distances  from  the  terrestrial  equator  are  equal  to 
the  greatest  distance  of  the  centre  of  the  solar  disk  from  the  celestial 
equator.  The  nobtkekn^  ibofic  is,  therefore,  a  parallel  of  latitude 
23°  28'  north,  and  the  southern  tropic  a  parallel  of  latitude  23° 
28'  south  of  the  terrestrial  equator. 

134.  Celestial  latttnde  and  lonyltade. — The  terms  latitude 
and  longitude,  as  applied  to  objects  on  the  heavens,  have  a  signi- 
fication different  from  that  given  to  them  when  applied  to  places 
upon  the  earth.  The  latitude  of  an  object  on  the  heavens  means  its 
distance  from  the  ecliptic,  measured  in  a  direction  perpendicular  to 
the  ecliptic ;  and  its  longitude  is  the  arc  of  the  ecliptic,  between  the 
first  point  of  Aries  and  the  circle  which  measures  its  latitude,  taken, 
like  the  right  ascension,  according  to  the  order  of  the  signs. 

Thus  since  the  centre  of  the  sun  is  always  on  the  ecliptic,  its  lati- 
tude is  always  0°.  At  the  vernal  equinox  its  longitude  is  o®,  at 
the  summer  solstice  it  is  90°,  at  the  autumnal  equinox  1 80^,  and  at 
the  winter  solstice  270°. 

135.  Annual  motion  of  the  eartb. — The  apparent  annual 
motion  of  the  sun,  described  above,  is  a  phenomenon  which  can  only 
proceed  from  one  or  other  of  two  causes.  It  may  arise  frx)m  a 
real  annual  revolution  of  the  sun  round  the  earth  at  reet^  or  from  a 
real  revolution  of  the  earth  round  the  sun  at  rest.  Either  of  thiese 
causes  would  explain,  in  an  equally  satisfactory  manner,  all  the  cir- 
cumstances attending  the  apparent  annual  moti<m  of  the  sun  around 
the  firmament.  There  is  nothing  in  the  appearance  of  the  sun  itself 
which  could  give  a  greater  probability  to  either  of  these  hypotheses 
than  to  the  other.  If,  therefore,  we  are  to  choose  between  them, 
we  must  seek  the  grounds  of  choice  in  some  other  circumstances. 

It  was  not  until  the  revival  of  letters  that  the  annual  motion  of 
the  earth  was  admitted.  Its  apparent  stability  and  repose  were 
untU  then  universally  maintained.  An  opinion  so  long  and  so 
deeply  rooted  must  have  had  some  natural  and  intelligible  grounds. 
These  grounds,  undoubtedly,  are  to  be  found  only  in  the  general 
impression,  that  if  the  globe  moved,  and  especially  if  its  motion  had 
so  enormous  a  velocity  as  must  be  imputed  to  it,  on  the  supposition 
that  it  moves  annually  roimd  the  sun,  we  must  in  som&  way  or  other 
be  sensible  of  such  movement. 

All  the  reasons,  however,  why  we  are  unconscious  of  the  real 
rotation  of  the  earth  upon  its  axis  (102)  are  equally  applicable  to 
show  why  we  must  be  unconscious  of  the  progressive  motion  of 
the  earth  in  its  annual  course  round  the  sun.  The  motion  of  the 
globe  through  space  being  perfectly  smooth  and  uniform,  we  can 
have  no  sensible  means  of  knowing  it,  except  those  which  we  possess 
in  the  case  of  a  boat  moving  smoothly  along  a  river:  that  is,  by 
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looking  abroad  at  some  external  objects  which  do  not  participate  in 
the  motion  imputed  to  the  earth.  Now,  when  we  do  look  abroad 
at  such  objects,  we  find  that  they  appear  to  move  exactly  as  sta- 
tionary objects  would  appear  to  move,  seen  from  a  movable  station. 
It  is  plain,  then,  if  it  be  true  that  the  earth  really  has  the  annual 
motion  round  the  sun  which  is  contended  for,  that  we  cannot  expect 
to  be  conscious  of  this  motion  from  anything  which  can  be  observed 
on  our  own  bodies  or  those  which  surround  us  on  the  surface  of  the 
earth:  we  must  look  for  it  elsewhere. 

But  it  will  be  contended  that  the  apparent  motion  of  the  sun, 
even  upon  the  argument  just  stated,  may  equally  be  explained  by 
the  motion  of  the  earth  round  the  sun,  or  the  motion  of  the  sun 
roimd  the  earth ;  and  that,  therefore,  this  appearance  can  still  prove 
nothing  positively  on  this  question.  We  have^  however,  other 
proofs,  of  a  very  decisive  character. 

Newton  showed  that  it  was  a  general  law  of  nature,  and  part, 
in  fact,  of  the  principle  of  gravitation,  that  any  two  globes  placed 
at  a  distance  from  each  other,  if  they  are  in  the  first  instance 
quiescent  and  free,  must  move  with  an  accelerated  motion  to  their 
common  centre  of  gravity,  where  they  will  meet  and  coalesce ;  but 
if  they  be  projected  in  a  direction  not  passing  through  this  centre  of 
gravity  J  they  will  both  of  them  revolve  in  orbits  around  that  point 
periodically. 

Now  the  common  centre  of  gravity  of  the  earth  and  sun,  owing 
to  the  immense  preponderance  of  the  mass  of  the  sun  (M.309  ),  is 
placed  at  a  point  very  near  the  centre  of  the  sun.  Bound  that, 
point,  therefore,  the  earth  must,  according  to  this  principle, 
revolve. 

136.  Motion  of  Ufflkt  proves  tbe  annual  motion  of  tbe  eartb. 
— Since  the  principle  of  gravitation  itself  might  be  considered  as 
more  or  less  h3rpothetical,  it  has  been  considered  desirable  to  find 
other  independent  and  more  direct  proofs  of  a  phenomenon,  so 
fimdamentally  important  and  so  contrary  to  the  first  impressions  of 
mankind,  as  the  revolution  of  the  e^h  and  the  quiescence  of 
the  sun.  A  remarkable  evidence  of  this  motion  has  been  accordingly 
discovered  in  a  vast  body  of  apparently  complicated  phenomena 
which  are  the  immediate  effects  of  such  a  motion,  which  could  not 
be  explained  if  the  earth  were  at  rest  and  the  sun  in  motion,  and 
which  would  be  inexplicable  on  any  other  supposition  save  the 
revolution  of  the  earth  round  the  sun. 

It  has  been  ascertained  that  light  is  propagated  through  space 
with  a  certain  great  but  definite  veloci^  of  about  192,000  miles 
per  second.  That  light  has  this  velocity  is  proved  by  the  body  of 
optical  phenomena  which  cannot  be  explained  without  imputing 
to  it  such  a  motion,  and  which  are  peifectly  explicable  if  such  a 
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motion  be  admitted.  Independently  of  this^  another  demonstration 
that  light  moves  with  this  velocity  is  supplied  by  an  astronomical 
phenomenon  which  will  be  noticed  in  a  subsequent  part  of  this 
volimie. 

137.  Aberration  of  liffbt.  —  Assuming/ then,  the  velocity  of 
light;  and  that  the  earth  is  in  motion  in  an  orbit  round  the  sun  with  a 
velocity  of  about  19  miles  per  second,  which  must  be  its  speed  if  it 
move  at  all^  as  will  hereafter  appear,  an  effect  would  be  produced 
upon  the  apparent  places  of  all  celestial  objects  by  the  combination 
of  these  two  motions  which  we  shall  now  explain. 

It  has  been  stated  that  the  apparent  direction  of  a  visible  object 
is  the  direction  from  which  the  visual  ray  enters  the  eye.  Now 
this  will  depend  on  the  actual  direction  of  the  ray,  if  the  eye  which 
receives  it  be  quiescent ;  but  if  the  eye  be  in  motion,  the  same  effect 
is  produced  upon  the  organ  of  sense  as  if  the  ray,  besides  the  motion 
which  is  proper  to  it,  had  another  motion  equal  and  contrary  to  that 
of  the  eye.  Thus,  if  light  moving  from  the  north  to  the  south  with 
a  velocity  of  192,000  miles  per  second  be  struck  by  an  eye  moving 
from  west  to  east  with  the  same  velocity,  the  effect  produced  by  the 
light  upon  the  organ  will  be  the  same  as  if  the  eye,  being  at  rest, 
were  struck  by  the  light  having  a  motion  compounded  of  two 
equal  motions,  one  from  north  to  south,  and  the  other  from  east 
to  west.  The  direction  of  this  compound  effect  would,  by  the 
principles  of  the  composition  of  motion  (M.  1 72),  be  equivalent  to  a 
motion  from  the  direction  of  the  north-east.  The  object  from  which 
the  light  comes  would,  therefore,  be  apparently  displaced,  and 
would  be  seen  at  a  point  beyond  that  which  it  really  occupies  in  the 
direction  in  which  the  eye  of  the  observer  is  moved.  This  displace- 
ment is  called  accordingly  the  abebeation  of  light. 

This  may  be  made  still  more  evident  by  the  following  mode  of 
illustration.  Let  0,  j^^.  36,  be  the  object  from  which  light  comes  in 
the  direction  0  o  ef'.  Let  e  be  the  place  of  the  eye  of  the  observer 
when  the  light  is  at  o,  and  let  the  eye  be  supposed  to  move 
from  c  to  c"  in  the  same  time  that  the  light  moves  from  0  to  e". 
Let  a  straight  tube  be  imagined  to  be  directed  from  the  eye  at  c  to 
the  light  at  o,  so  that  the  light  shall  be  in  the  centre  of  its  opening, 
while  the  tube  moves  with  the  eye  from  0  c  to  </'  c''  maintaining 
constantly  the  same  direction,  and  remaining  parallel  to  itself:  the 
light  in  moving  from  o  to  e'',  will  pass  along  its  axis,  and  will  arrive 
at  ef'  when  the  eye  arrives  at  that  point.  Now  it  is  evident  that 
in  this  case  the  direction  in  which  the  object  would  be  visible, 
would  be  the  direction  of  the  axis  of  the  tube,  so  that,  instead  of 
appearing  in  the  direction  0  0,  which  is  its  true  direction,  it  would 
appear  in  the  direction  o  0'  advanced  from  0  in  the  direction  of 
the  motion  e  c"  with  which  the  observer  is  affected. 
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The  motion  of  light  being  at  the  rate  of  192^000  miles  per 
second^  and  that  of  the  earth  (if  it  move  at  all)  at  the  rate  of  1 9 
miles  per  second^  it  follows,  that  the  propor-       . 
tion  of  0  c'' to  c  ii'' must  be  192,000  to  19,      •  ^ 

or  10,100  to  I. 

The  A17GLE  OP  ABEERATiON  0  0  o'  will  vary 
with  the  obliquity  of  the  direction  e  ef'  of  the  \ 

observer's  motion  to  that  of  the  visual  ray  \ 

o  e".  In  all  cases  the  ratio  of  o  c"  to  eef' 
willbe  iO;ioo  to  I.  If  the  direction  of  the 
earth's  motion  be  at  right  angles  to  the  di- 
rection 0  e"  of  the  object  o,  we  shall  have  the 
aberration  equal  to  20^^*42. 

If  the  angle  0  e"  e  be  oblique,  it  will  be 
necessary  to  reduce  e  ef'ia  its  component  at 
right  angles  to  0  c",  which  is  done  by  multi- 
plying it  by  the  trigonometrical  sine  of  the 
obliquity  o  c"  c  of  the  direction  of  the  object 
to  that  of  the  earth's  motion. 

According  to  this,  the  aberration  would 
be  greatest  when  the  direction  of  the  earth's 
motion  is  at  right  angles  to  that  of  the  object, 
and  would  decrease  as  the  angle  of  obliquity 
decreases,  being  nothing  when  the  object  is 
seen  in  the  direction  in  which  the  earth  is 
moving,  or  in  exactly  the  contrary  direction. 

The  phenomena  may  also  be  imagined  by 
considering  that  the  earth,  in  revolving  round  the  sun,  constantly 
changes  the  direction  of  its  motion ;  that  direction  making  a  com- 
plete revolution  with  the  earth,  it  follows  that  the  effect  produced 
upon  the  apparent  place  of  a  distant  object  would  be  the  same  as  if 
that  object  really  revolved  once  in  a  year  round  its  time  place  in  a 
circle  whose  plane  would  be  parallel  to  that  of  the  earth's  orbit, 
and  whose  radius  would  subtend  at  the  earth  an  angle  of  20''  '42, 
and  the  object  would  be  always  seen  in  such  a  circle  90°  in  advance 
of  the  earth's  place  in  its  orbit. 

These  circles  would  be  reduced  by  projection  to  ellipses  of 
infinitely  various  excentricities,  according  to  the  position  of  the 
object  with  relation  to  the  plane  of  the  earth's  orbit.  At  a  point 
perpendicularly  above  that  plane,  the  object  would  appear  to  move 
annually  in  an  exact  circle.  At  points  nearer  to  the  ecliptic,  its 
apparent  path  would  be  an  ellipse,  the  excentricity  of  which  would 
increase  as  the  distance  from  the  ecliptic  would  diminish,  according 
to  definite  conditions. 

Now^  all  these  apparent  motions  are  actually  observed  to  afifect 

H  2 
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Fig.  36. 
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all  the  bodies  yisible  on  the  heayens,  and  to  affect  them  in  precisely 
the  degree  and  direction  which  would  be  produced  by  the  annual 
motion  of  the  earth  round  the  sun. 

As  the  supposed  motion  of  the  earth  round  the  sun  completely 
and  satisfactorily  explains  this  complicated  body  of  phenomena 
called  aberration,  while  the  motion  of  the  sun  round  the  earth  would 
altogether  foil  to  explain  them,  they  afford  another  striking  eyidence 
of  the  annual  motion  of  the  earth. 

138.  Argnunent  flrom  analogry-  — Another  argument  in  fayour 
of  the  earth's  annual  motion  round  the  sun  is  taken  from  its  analogy 
to  the  planets,  to  all  of  which,  like  the  earth,  the  sun  is  a  source  of 
light  and  heat,  and  all  of  which  reyolye  roimd  the  sun  as  a  centre, 
haying  days,  nights,  and  seasons  in  all  respects  similar  to  those 
which  preyail  upon  the  earth.  It  seems,  therefore,  contrary  to  all 
probability,  that  the  earth  alone,  being  one  of  the  planets,  and  by 
no  means  the  greatest  in  magnitude  or  physical  Importance,  should 
be  a  centre  round  which  not  only  the  sun,  but  all  the  other  planets, 
should  reyolye. 

139.  The  diurnal  and  annual  plienoniena  explained  by 
the  two  motions  of  the  earth.^ — Conddering,  then,  the  annual 
reyolution  of  the  earth,  as  well  as  its  diurnal  rotation,  established, 
it  remains  to  show  how  these  two  motions  will  explain  the  yarious 
phenomena  manifested  in  the  successicxi  of  seasons. 


Fig.  j8. 

"While  the  earth  reyolyes  annually  around  the  sun,  it  has  a  motion 
of  rotation  at  the  same  time  upon  a  certain  diameter  as  an  axis, 
which  is  inclined  from  the  perpendicular  to  its  orbit  at  the  angle  of 
23°  28'.  During  the  annual  motion  of  the  earth  this  diameter 
keeps  continually  parallel  to  the  same  direction,  and  the  earth  com- 
pletes its  reyolution  upon  it  in  twenty-three  hours  and  fifty-six 
minutes.  In  consequence  of  the  combination  of  this  motion  of  ro- 
tation of  the  earth  upon  its  axis  with  its  aimual  motion  around  the 
sun,  we  are  supplied  with  the  alternations  of  day  and  night,  and  the 
succession  of  seasons. 

When  the  globe  of  the  earth  is  in  such  a  position  that  its  north 
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pole  ia  turned  towards  the  sun,  the  greater  poitienof  its  northern 
hemiapheie  is  enlightened,  and  the  greater  porticai  of  the  southern 
hemisphere  is  dark.  This  position  is  represented  in^.  37,  where 
H  is  the  north  pole,  and  e  the  south  pole.  The  days  are  therefore 
ICKiger  than  the  nights  in  the  northern  hemisphere.  The  reverse  is 
the  case  with  the  southern  hemisphere,  for  there  the  greater  seg- 
ments of  the  parallels  are  dark,  and  the  lesser  segmente  enlightened ; 
the  dajs  are  therefore  shorter  than  the  nights.  Upon  the  equator, 
howorer,  at.s,  the  circle  of  the  earth  is  equally  divided,  and  the  days 
and  nights  are  equal.  When  the  south  pale  is  turned  towards  the 
van,  which  it  does  exactly  at  the  opposite  point  of  the  earth's  annual 
orbit,  circumstances  are  reversed ;  then  the  days  are  longer  than  the 
nights  in  the  southern  hemisphere,  and  the  nights  are  longer  than 
the  days  in  the  northern  hemisphere.  At  the  intermediate  points 
of  the  earth's  annual  path,  when  the  axis  aasumes  a  position  perp^- 
dicular  to  the  direction  of  the  aun,^.  38,  then  the  circle  of  light 
and  darkness  passes  through  the  poles i  all  paraUelsineveryportof 
the  earth  are  equally  divided,  and  there  is  consequently  equal  ^y 
and  night  all  over  the  globe. 

In  the  annexed  perspective  diagram,^,  39,  tbese  four  positions 
of  the  earth  are  exhibited  in  such  a  manner  as  to  be  clearly  in- 
telligible. 
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In  this  diagram,  the  observer  is  supposed  to  view  the  earth 
from  the  north  side  of  the  ecliptic,  therefore,  on  the  z  ist  of  June, 
the  north  or  upper  pole  is  turned  in  the  direction  of  the  sun;  on 
the  2 1st  of  December,  the  south  or  lower  pole  is  turned  in  that 
direclJOTL  On  the  days  of  the  equinoxes,  the  axis  of  the  earth 
is  at  right  angles  t«  &e  direction  of  the  sun,  and  it  is  equal  day 
.and  night  eveiy where  on  the  earth. 


104.  ASTRONOMY. 

time  measured  by  the  motion  of  this  Imaginary  snn  is  called  meas 
soLAB  iiM£,  and  the  time  measured  by  the  motion  of  the  true  sun 
is  called  appabeki  solab  time. 

The  difference  between  the  apparent  and  mean  solar  time  is  called 
the  "equation  op  time.** 

The  variation  of  the  increase  of  the  sun's  right  ascension  being 
confined  within  narrow  limits^  the  true  and  imaginary  sims  can 
never  be  far  asunder^  and  consequently  the  difference  between  mean 
and  apparent  time  is  never  considerable. 

'  The  time  ^ldicated  by  a  sun-dial  is  apparent  time^  that  indicated 
by  an  exactly  regulated  clock  or  watch  is  mean  time. 

The  correction  to  be  applied  to  apparent  time^  to  reduce  it  to 
mean  time  is  often  engraved  on  sun-dials,  where  it  is  stated  how 
much  "  the  sun  is  too  fast  or  too  slow." 

145.  Distance  of  tbe  sun. — Although  the  problem  to  deter- 
mine with  the  greatest  practicable  precision  the  distance  of  the  sun 
from  the  earth  is  attended  with  great  difficulties,  many  phenomena 
of  easy  observation  supply  the  means  of  ascertaimng  that  this 
distance  must  bear  a  very  great  proportion  to  the  earth's  diameter, 
or  must  be  such  that,  by  comparison  with  it,  a  line  8000  miles  in 
length  is  almost  a  point.  If,  for  example,  the  apparent  distance  of 
the  centre  of  the  sun  from  any  fixed  star  be  observed  simultane- 
ously fix)m  two  places  upon  the  earth,  no  matter  how  far  they  are 
apart,  no  difference  will  be  discovered  between  them,  unless  means 
of  observation  susceptible  of  extraordinary  precision  be  resorted  to. 
However,  it  may  be  stated  here  that  this  visual  angle  amounts  to 
no  more  than  1 7''* 2,  or  about  the  hundredth  part  of  the  apparent 
diameter  of  the  sun  as  seen  from  the  earth. 

It  appears,  that  the  distaQce  of  the  sun  is  equal  to  about  1 1,992 
diameters  of  the  earth,  and  amounts  therefore  to  very  nearly 

NINETY-FIVE  MILLIONS  OF  MILES. 

146.  Orbit  of  tbe  eartb  ellipticaL — In  what  precedes,  we 
have  considered  the  path  of  the  earth  around  the  sun,  called  by 
astronomers  its  obbit,  to  be  a  circle,  in  the  centre  of  which  the 
centre  of  the  sun  is  placed.  This  is  nearly  true,  but  not  ex- 
actly so,  as  will  appear  from  the  following  observed  phenomena. 

Let  a  telescope  supplied  with  micrometric  wires  be  directed  to 


rig.40«  Fig.  41.  Fig.  42. 

the  sun,  and  the  wires  so  adjusted  that  they  shall  exactly  touch 
the  upper  and  lower  limbs,  as  in  Jl^.  40.    Let  the  observer  then 
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watch  firom  day  to  day  the  appearance  of  the  sun  and  the  position 
of  the  wires ;  he  will  find  that^  after  a  certain  time^  the  wires  will 
no  longer  touch  the  sun^  but  will  perhaps  fall  a  little  within  it^  as 
represented  in^.  4 1 .  And  after  a  further  lapse  of  time  he  will  find, 
on  the  other  hand,  that  they  fall  a  little  without  it^  as  in^.  42. 

Now,  as  the  wires  throughout  such  a  series  of  observations  are 
maintained  always  in  the  same  position,  it  follows  that  the  disk  of 
the  sun  must  appear  smaller  at  one  time,  and  larger  at  another — 
that,  in  fact,  the  apparent  magnitude  of  the  sun  must  be  variable. 
It  is  true  that  this  variation  is  confined  within  very  small  limits, 
but  still  it  is  distinctly  perceptible.  "Wliat,  then,  it  may  be  asked, 
must  be  its  cause  P  Is  it  possible  to  imagine  that  the  sun  reaUp 
undergoes  a  change  in  its  size?  This  idea  would^  under  any  circum- 
stances, be  absurd;  but  when  we  have  ascertained,  as  we  may  do, 
that  the  change  of  apparent  magnitude  of  the  sun  is  regular  and 
periodical — that  for  one  half  of  the  year  it  continually  diminishes 
imtil  it  attains  a  minimum,  and  then  for  the  next  half  year  it  in- 
creases until  it  attains  a  maximum — such  a  supposition  as  that  of  a 
real  periodical  change  in  the  globe  of  the  sun  becomes  altogether 
incredible. 

If,  then,  an  actual  change  in  the  magnitude  of  the  sun  be  impos- 
sible, there  is  but  one  other  conceivable  cause  for  the  change  in 
its  apparent  magnitude — which  is,  a  corresponding  change  in  the 
earth's  distance  from  it.  If  the  earth  at  one  time  be  more  re- 
mote than  at  another,  the  sun  will  appear  proportionally  smaller. 
This  is  an  easy  and  obvious  explanation  of  the  changes  of  appear- 
ance that  are  observed,  and  it  has  been  demonstrated  accordingly  to 
be  the  true  one. 

On  examining  the  change  of  the  apparent  diameter  of  the  sun,  it 
is  found  that  it  is  least  on  the  ist  of  July,  and  greatest  on  the  3  ist 
of  December;  that  from  December  to  July,  it  regularly  decreases; 
and  from  July  to  December,  it  regularly  increases. 

Since  the  distance  of  the  earth  from  the  sun  must  increase  in  the 
same  ratio  as  the  appai'ent  diameter  of  the  sun  decreases,  and  vice 
'oersd  (O.3  5 1 ),  the  variation  of  the  distance  of  the  earth  from  the  sun 
in  every  position  which  it  assumes  in  its  orbit  can  be  exactly  ascer- 
tained. A  plan  of  the  form  of  the  orbit  may  therefore  be  laid  down, 
having  -the  point  occupied  by  the  centre  of  the  sun  marked  in  it. 
Such  a  plan  proves  on  geometric  examination  to  be  an  ellipse,  the 
place  of  the  sun  being  one  of  the  foci. 

147.  BKetbod  of  descrlbiniT  an  ellipse — its  focii  axis,  and 
ezeentricity* — If  the  ends  of  a  thread  be  attached  to  two  points 
less  distant  from  each  other  than  its  entire  length,  and  a  pencil  be 
looped  in  the  thread,  and  moved  round  the  points,  so  as  to  keep  the 
thiBad  tight,  it  will  trace  an  ellipse,  of  which  the  two  points  are  the 
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Fig.  43. 


The  line  drawn  joining  the  foci,  continued  in  both  directions  to 
the  ellipse^  is  called  its  tbansyebse,  or  hajob  axis. 

Another  line,  passing  through  the  middle  point  of  this  at  right 
angles  to  it  is  called  its  minob  axis. 

The  middle  point  of  the  major 
axis  is  called  Uie  cei^tbe  of  the 
ellipse. 

The  fractional  or  decimal  num- 
ber which  expresses  the  distance 
of  the  focus  from  the  centre,  the 
semiaxis  major  being  taken  as 
the  unit,  is  called  the  excentricity 
of  the  ellipse. 

In  Jig,  43,  0  is  the  centre,  s 
and  s'  the  foci,  A  B  the  trans- 
verse axis. 

The  less  the  ratio  of  S  8^  to  A  B,  or  what  is  the  same,  the  less  the 
excentricity  is,  the  more  nearly  the  form  of  the  ellipse  approaches 
to  that  of  a  circle,  and  when  the  foci  actually  coalesce,  the  ellipse 
becomes  an  exact  circle. 

148.  Sxcentricity  of  tbe  eartti*8  orbit.— The  excentricity  of 
the  elliptic  orbit  of  the  earth  is  so  small,  that  if  an  ellipse,  represent- 
ing truly  that  orbit,  were  drawn  upon  paper,  it  would  be  distinguish- 
able from  a  circle  only  by  submitting  it  to  exact  measurement.  The 
excentricity  of  the  orbit  has  been  ascertained  to  be  only  0*01677. 
The  semi  axis  major,  or  mean  distance,  being  i  'oooo,  the  greatest 
and  least  distances  of  the  earth  from  the  sun  will  be — 

B  s  =  I 'OOOO  -f  0*01677  =  1*01677 
AS=  I 'OOOO  —  0*01677  =  0*98323. 

The  difference  between  these  extreme  distances  is,  therefore,  only 
0*03354.  ^^  *^^*  ^^®  difference  between  the  greatest  and  least 
distances  does  not  amount  to  so  much  as  four  hundredths  of  the 
mean  distance. 

149.  Perilielion  and  apbelion  of  tbe  eaitb. — The  positions 
A  and  B,  where  the  earth  is  nearest  to,  and  most  distant  from,  the 
sun  are  called  pebihemoit  and  aphelion. 

The  positions  of  these  points  are  ascertained  by  observing 
the  places  of  the  sun  when  its  apparent  diameter  is  greatest  and 
least. 

It  is  evident  from  what  has  been  stated  that  the  earth  is  in  aphe- 
lion on  the  I  st  of  July,  and  in  perihelion  on  the  i  st  of  January. 

Contrary  to  what  might  be  expected,  therefore,  the  earth  is  more 
distant  from  the  sun  in  sunmier  than  in  winter. 
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.    1 50.  Variatloiui  of  tomperatnre  ttarooffli  the  year.  —  The 

Bucceasion  of  springs  summer^  autumn^  and  winter,  and  the  variations 
of  temperature  of  &6  seasons  —  so  far  as  these  variations  depend  on 
the  position  of  the  sun  —  will  now  require  to  be  explained. 

The  influence  of  the  sun  in  heating  a  portion  of  the  earth's  sur- 
face,  will  depend  partly  on  its  altitude  above  the  horizon.  The 
greater  that  altitude  is,  the  more  perpendicularly  the  rays  will  fall, 
and  the  greater  will  be  their  caloriflc  effect. 

The  caloriflc  effect  of  the  sun's  rays  on  a  surfiEuse  more  oblique  to 
their  direction  than  another  will  then  be  proportionably  less. 

If  the  sun  be  in  the  zenith,  its  rays  will  strike  the  surface  per- 
pendicularly, and  the  heating  effect  will  therefore  be  greater  than 
when  the  sun  is  in  any  other  position. 

The  greater  the  altitude  to  which  the  sun  rises,  the  less  obliquely 
will  be  the  direction  in  which  its  rays  will  strike  the  surface  at 
noon,  and  the  more  effective  will  be  their  heating  power.  So  far, 
then,  as  the  heating  power  depends  on  the  altitude  of  the  sun,  it 
will  be  increased  with  every  increase  of  its  meridian  altitude. 

Hence  it  is  that  the  heat  of  sunmier  increases  as  we  approach  the 
equator.  The  lower  the  latitude  is,  the  greater  will  be  the  height 
to  which  the  sun  will  rise.  The  meridian  altitude  of  the  sun  at 
the  summer  solstice  being  everywhere  outside  the  tropics  forty-six 
degrees  and  fifty-six  minutes  more  than  at  the  winter  solstice,  the 
heating  effect  wiU  be  proportionately  greater. 

But  this  is  not  the  only  cause  wliich  produces  the  greatly  supe- 
rior heat  of  summer  as  compared  with  winter,  especially  in  the 
higher  latitudes.  The  heating  effect  of  the  sun  depends  not  alone 
cm  its  altitude  at  midday ;  it  also  depends  on  the  length  of  time 
which  it  is  above  the  horizon  and  below  it.  While  the  sun  is  above 
the  horizon,  it  is  continually  imparting  heat  to  the  air  and  to  the 
BoiHace  of  the  earth ;  and  while  it  is  below  the  horizon,  the  heat  is 
continually  being  dissipated.  The  longer,  therefore,  —  other  things 
being  the  same, — the  sun  is  above  the  horizon,  and  the  shorter  time 
it  is  below  it,  the  greater  will  be  the  amount  of  heat  imparted  to 
the  earth  every  twenty-four  hours.  Let  us  suppose  that  between 
sunrise  and  sunset,  the  sun,  by  its  caloriflc  effect,  imparts  a  certain 
amoimt  of  heat  to  the  atmosphere  and  the  surfsice  of  the  earth,  and 
that  from  sunset  to  sunrise  a  certain  amoimt  of  this  heat  is  lost : 
the  result  of  the  action  of  the  sun  will  be  found  by  deducting  the 
latter  from  the  former. 

Thus,  then,  it  appears  that  the  influence  of  the  sun  upon  the 
seasons  depends  as  much  upon  the  length  of  the  days  and  nights  as 
upon  its  altitude ;  but  it  so  happens  that  one  of  these  circumstances 
depends  upon  the  other.  The  greater  the  sim's  meridional  altitude 
is,  the  longer  will  be  the  days,  and  the  shorter  the  nights  3  and  the 
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less  it  is,  the  longer  wiU  be  the  nights,  and  the  shorter  the  days. 
Thus  both  circumstances  always  conspire  in  producing  the  increased 
temperature  of  summer,  and  the  diminished  temperature  of  winter. 

151.  Wily  tlM  lonirest  day  to  not  also  tbe  bottest.  —  Tlie 
doff-days. — A  difficulty  is  sometimes  felt  when  the  operation  of 
these  causes  is  considered,  in  understanding  how  it  happens  that, 
notwithstanding  what  has  been  stated,  the  2 1  st  of  June — when  the 
sun  rises  the  highest,  when  the  days  are  longest  and  the  nights 
shortest — is  not  the  hottest  day,  but  that,  on  the  contrary,  the  dog- 
days,  as  they  are  called,  which  comprise  the  hottest  weather  of  the 
year,  occur  in  July  and  August ;  and  in  the  same  manner,  the  2  ist 
of  December — when  the  height  to  which  the  sun  rises  is  least,  the 
days  shortest,  aud  the  nights  longest — is  not  usually  the  coldest 
day,  but  that,  on  the  other  hand^  the  most  inclement  weather  occurs 
at  a  later  period. 

To  explain  this,  so  far  as  it  depends  on  the  position  of  the  sun 
and  the  length  Of  the  days  and  nights,  we  are  to  consider  the  follow- 
ing circumstances : — 

As  midsummer  approaches,  the  gradual  increase  of  the  tempera- 
ture of  the  weather  has  been  explained  thus :  The  days  being  con- 
siderably longer  than  the  nights,  the  quantity  of  heat  imparted  by 
the  sun  during  the  day  is  greater  than  the  quantity  lost  during  the 
night  'f  and  the  entire  result  during  th^  twenty-four  hours  gives  an 
increase  of  heat.  As  this  augmentation  takes  place  after  each  suc- 
cessive day  and  night,  the  general  temperature  continues  to  increase. 
On  the  2 1st  of  June,  when  the  day  is  longest,  and  the  night  is 
shortest,  and  the  sun  rises  highest,  this  augmentation  reaches  its 
maximum ;  but  the  temperature  of  the  weather  does  not  therefore 
cease  to  increase.  After  the  2 1  st  of  June,  there  continues  to  be 
still  a  daily  augmentation  of  heat,  for  the  sim  still  continues  to  im- 
part more  heat  during  the  day  than  is  lost  during  the  night.  The 
temperature  of  the  weather  will  therefore  only  cease  to  increase 
when  by  the  diminished  length  of  the  day,  the  increased  length  of 
the  night,  and  the  diminished  meridional  altitude  of  the  sun,  the 
heat  imparted  during  the  day  is  just  balanced  by  the  heat  lost 
during  the  night.  There  will  be,  then,  no  further  increase  of  tem- 
perature, and  the  heat  of  the  weather  will  have  attained  its  maxi- 
mum. 

But  it  might  occur  to  a  superficial  observer,  that  this  reasoning 
would  lead  to  the  conclusion  that  the  weather  would  continue  to 
increase  in  its  temperature,  until  the  length  of  the  days  would 
become  equal  to  the  length  of  the  nights ;  and  such  would  be  the 
case,  if  the  loss  of  heat  per  hour  during  the  night  were  equal  to 
the  gain  of  heat  per  hour  during  the  day.  But  such  is  not  the 
case  'y  the  loss  is  more  rapid  than  the  gain^  and  the  consequence  is 
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that  the  hottest  day  usually  comes  within  the  moDth  of  July,  but 
always  long  before  the  day  of  the  autumnal  equinox. 

The  same  reasoning  will  explain  why  the  coldest  weather  does 
not  usually  occur  on  the  2 1  st  of  December,  when  the  day  is  shortest 
and  the  night  longest,  and  when  the  sun  attains  the  lowest  meri- 
dional altitude.  The  decrease  of  the  temperature  of  the  weather 
depends  upon  the  loss  of  heat  during  the  night  being  gi*eater  than 
the  gain  during  the  day ;  and  imtil,  by  the  increased  length  of  the 
day,  and  the  diminished  length  of  the  night,  these  effects  are 
balanced,  the  coldest  weather  will  not  be  attained. 

These  observations  must  be  understood  as  applying  only  so  far 
as  the  temperature  of  the  weather  is  affected  by  the  sun,  and  by 
the  length  of  the  days  and  nights.  There  are  a  variety  of  other 
local  and  geographical  causes  which  interfere  with  these  effects^ 
and  vary  them  at  different  limes  and  places. 

On  referring  to  the  annual  motion  of  the  earth  round  the  sun,  it 
appears  that  the  position  of  the  sun  within  the  elliptic  orbit  of  the 
earth  is  such  that  the  earth  is  nearest  to  the  sun  about  the  ist  of 
January,  and  most  distant  from  it  about  the  i  st  of  July.  As  the 
calorific  power  of  the  sim's  rays  increases  as  the  distance  firom  the 
earth  diminishes,  in  even  a  higher  proportion  than  the  change  of  dis- 
tances, it  might  be  expected  that  the  effect  of  the  sun  in  heating  the 
earth  on  the  i  st  of  January  would  be  considerably  greater  than  on  the 
I  st  of  July.  If  this  were  admitted,  it  would  follow  that  the  annual 
motion  of  the  earth  in  its  elliptic  orbit  would  have  a  tendency  to 
diminish  the  cold  of  the  winter  in  the  northern  hemisphere,  and 
mitigate  the  heat  of  simmier,  so  as  to  a  certain  extent  to  equalise 
tiie  seasons;  and,  on  the  contrary,  in  the  southern  hemisphere, 
where  the  ist  of  January  is  in  the  middle  of  summer  and  l^e  ist 
of  July  the  middle  of  winter,  its  effects  would  be  to  aggravate  the 
cold  in  winter  and  the  heat  in  summer.  The  investigations,  how- 
ever, which  had  been  made  in  the  physics  of  heat,  have  shown  that 
that  principle  is  governed  by  laws  which  counteract  such  effects. 
Like  the  operation  of  all  other  physical  agencies,  the  sun's  calorific 
power  requires  a  definite  time  to  produce  a  given  effect,  and  the  heat 
received  by  the  earth  at  any  part  of  its  orbit  will  depend  conjointly 
on  its  distance  firom  the  sun  and  the  length  of  time  it  takes  to  tra- 
verse that  portion  of  its  orbit.  Li  fact,  it  has  been  ascertained  that 
the  heating  power  depends  as  much  on  the  rate  at  which  the  sun 
changes  its  longitude  as  upon  the  earth's  distance  from  it.  Now  it 
happens  that,  in  consequence  of  the  laws  of  the  planetary  motions, 
discovered  by  Kepler,  and  explained  by  Newton,  when  the  earth  is 
most  remote  from  the  sun  its  velocity  is  least,  and  consequently  the 
hourly  changes  of  longitude  of  the  sun  will  be  proportionally  less. 
Thus  it  appears  that  what  the  heating  power  loses  by  augmented 
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distance^  it  gains  by  diminislied  velocity;  and  again^  when  the  earth 
is  nearest  to'  the  sun^  what  it  gains  by  diminished  distance^  it  loses 
by  increased  speed.  There  is  thus  a  complete  compensation  pro- 
duced in  the  heating  effect  of  the  sun,  by  the  diminished  velocity  of 
the  earth  which  accompanies  its  increased  distance. 

This  period  of  the  year,  during  which  the  heat  of  the  weather 
is  usually  most  intense,  was  called  the  CAiacuLAB  days,  or  dog 
DATS.  These  days  were  generally  reckoned  as  forty,  commencing 
about  the  3rd  of  July,  and  received  their  name  from  the  fact, 
that  in  ancient  times  the  bright  star  Sirius,  in  the  constellation 
of  Oanis  major,  or  the  great  dog,  at  that  time  rose  a  little  before 
the  sun,  and  it  was  to  the  sinister  influence  of  this  star  that 
were  ascribed  the  bad  effects  of  the  inclement  heat,  and  especially 
the  prevalence  ■  of  madness  among  the  canine  race.  Owing  to  a 
cause  which  will  be  explained  hereafter  (the  precession  of  the  equi- 
noxes), this  star  no  longer  rises  with  the  sun  during  the  hot  season. 
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ATMOSFHEfaO  REFRACTION,  AND  PARALLAX. 

152.  Apparent  position  of  celestial  objects  affected  by  re- 
fraction.— The  ocean  of  air  which  surrounds,  rests  upon,  and  extends 

to  a  certain  limited  height  above 
the  surface  of  the  solid  and  liquid 
matter  composing  the  globe,  de- 
creases gradually  in  density  in  rising 
from  the  surface  (H.  223)  ;  that 
when  a  ray  of  light  passes  from  a 
rarer  into  a  denser  transparent  me- 
dium, it  is  deflected  towards  the 
perpendicular  to  their  common 
surface ;  and  that  the  amount  of 
such  deflection  increases  with  the 
difference  of  densities  and  the  angle 
of  incidence  (0.  92).  These  pro- 
perties, which  air  has  in  common 
with  all  transparent  media,  produce 
Fig.  44.  important  effects  on  the  apparent 

positions  of  celestial  objects. 
Let  s  a,  Jig,  44,  be  a  ray  of  light  coming  from  any  distant  ob- 
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ject,  s,  and  falling  on  the  surface  of  a  series  of  layers  of  transpa- 
rent matter^  increasing  in  density  downwards.    The  ray  s  a,  pass- 


Fig.  45. 

ing  into  the  first  layer,  will  be  deflected  in  the  direction  a  a'  to- 
wards the  perpendicular,  and  passing  through  the  lowest  layer,  it. 
will  be  still  more  deflected,  and  will  enter  the  eye  at  e,  in  the 
direction  af^  e ;  and  since  every  object  is  seen  in  the  direction  firom 
which  the  visual  ray  enters  the  eye,  the  object  8  will  be  seen  in 
the  direction  e  s',  instead  of  its  true  direction  a  s.  The  efiect, 
therefore,  is  to  make  the  object  appear  to  be  nearer  to  tho^zenithal 
direction  than  it  really  is. 

And  this  is  what  actually  occurs  with  respect  to  all  celestial 
objects  seen,  as  such  objects  always  must  be,  through  the  atmo- 
sphere. The  visual  ray  s  D,  Jig,  45,  passing  through  a  succession 
of  strata  of  air,  gradually  and  continually  increasing  in  density, 
its  path  will  be  a  curve  bending  from  d  towards  A,  and  convex 
towards  the  zenithal  line  A  z.  The  direction  in  which  the  object 
will  be  seen,  being  that  in  which  the  visual  ray  enters  the  eye,  will 
be  the  tangent  A  « to  the  curve  at  A.  The  object  will  therefore  be 
seen  in  the  direction  A  8  instead  of  d  s. 

It  has  been  said  that  the  deflection  produced  by  refraction  is  in- 
creased with  the  increase  of  the  angle  of  incidence.  Now,  in  the 
present  case^  the  angle  of  incidence  is  the  angle  under  the  true 
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direction  of  the  object  and  the  zenitlial  line,  or,  what  is  the  same, 
the  s^enith  distance  of  the  object.  The  extent,  therefore,  to  which 
any  celestial  object  is  disturbed  from  its  true  place  by  the  refraction 
of  the  atmosphere,  increases  with  its  zenith  distance.  The  refrac- 
tion is,  therefore,  nothing  in  the  zenith,  and  greatest  in  the  horizon. 

153.  ]Law  of  atmospberlc  raflraotion. — The  extent  to  which 
a  celestial  object  is  displaced  by  refraction,  therefore,  depends  upon 
and  increases  with  its  distance  from  the  zenith ;  and  it  can  be  shown 
to  be  a  consequence  of  the  general  principles  of  optics,  that  when 
other  things  are  the  same,  the  actual  quantity  of  this  displacement 
(except  at  very  low  altitudes)  varies  in  the  proportion  of  the  tan- 
gent of  the  zenith  distance. 

'  This  law  prevails  with  considerable  exactitude,  except  at  very 
low  altitudes,  where  the  refractions  depart  from  it,  and  become  tm- 
certain. 

1 54.  Quantity  of  refraction. — ^When  the  latitude  of  the  obser- 
vatory is  known,  the  actual  quantity  of  refraction  at  a  given  alti- 
tude may  be  ascertained  by  observing  the  altitudes  of  a  circumpolar 
star,  when  it  passes  the  meridian  above  and  below  the  pole.  The 
sum  of  these  altitudes  would  be  exactly  equal  to  twice  the  latitude 
(114)  if  the  refraction  did  not  exist,  but  since  by  its  eiFects  the 
star  is  seen  at  greater  than  its  true  altitudes,  the  sum  of  the  alti- 
tudes will  be  greater  than  twice  the  latitude  by  the  sum  of  the  two 
refractions.  This  sum  will  therefore  be  known,  and  being  divided 
between  the  two  altitudes  in  the  ratio  of  the  tangents  of  the  zenith 
distances  the  quantity  of  refraction  due  to  each  altitude  will  be 
known. 

The  pole  star  answers  best  for  this  observation,  especially  in 
these  and  higher  latitudes,  where  it  passes  the  meridian  within 
the  limits  of  the  more  regular  influence  of  refraction ;  and  the 
difference  of  its  altitudes  being  only  3®,  no  considerable  error 
can  arin  in  apportioning  the  total  refraction  between  the  two 
altitudes. 

155.  Tables  of  reflraotlon.  —  To  determine  with  great  exacti- 
tude the  average  quantity  of  refraction  due  to  different  altitudes, 
and  the  various  physical  conditions  under  which  the  actual  refrac- 
tion departs  from  such  average,  is  an  extremely  difficult  physical 
problem.  These  conditions  are  connected  with  phenomena  subject 
to  uncertain  and  imperfectly  known  laws.  Thus,  the  quantity  of 
refraction  at  a  given  altitude  depends,  not  only  on  the  density,  but 
also  on  the  temperature  of  the  successive  strata  of  air  through  which 
the  visual  ray  has  passed.  Although  as  a  general  fact,  it  is  appa- 
rent that  the  temperature  of  the  air  falls  as  we  rise  in  the  atmo- 
sphere, yet  the  exact  law  according  to  which  it  decreases  is  not 
fully  ascertained.    But  even  though  it  were,  the  refraction  is  also 
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influenced  by  other  agencies,  among  wHch  the  hjgrometric  condi- 
tion of  the  air  holds  an  important  place. 

Erom  these  causes^  some  uncertainty  necessarily  attends  astro- 
nomical observations  of  objects  near  the  horizon,  and  some  em- 
barrassment arises  in  cases  where  the  quantities  to  be  detected  by 
the  observations  are  extremely  minute.  Nevertheless,  it  must  be 
remembered  that,  since  the  total  amount  of  refraction  is  never  con- 
siderable, and  in  most  cases  it  is  extremely  minute,  and  since, 
small  as  it  is,  it  can  be  very  nearly  estimated  and  allowed  for,  and 
in  some  cases  wholly  effaced,  no  serious  obstacle  is  offered  by  it 
to  the  general  progress  of  astronomy. 

Tables  of  refraction  have  been  constructed  and  calculated,  partly 
from  observation  and  partly  from  theory,  by  which  the  observer 
may  at  once  obtain  the  average  quantity  of  refraction  at  each  alti- 
tude ;  and  rules  are  given  by  which  this  average  refraction  may  be 
corrected  according  to  the  peculiar  state  of  the  barometer,  thermo- 
meter, and  other  indicators  of  the  physical  state  of  the  air. 

1 56.  Averaffe  quantity  at  mean  altttudes. — While  the  re- 
fraction is  nothing  in  the  zenith,  and  somewhat  greater  than  the 
apparent  diameter  of  the  sun  or  moon  in  the  horizon,  it  does  not 
amount  to  so  much  as  i^,  or  the  thirtieth  part  of  this  diameter,  at 
the  mean  altitude  of  45°. 

157.  Bffeot  on  rlslnir  anA  settlnir- — Its  mean  quantity  in 
the  horizon  is  33^,  which  being  a  little  more  than  the  mean  appa- 
rent diameters  of  the  sun  and  moon,  it  follows  that  these  objects,  at 
the  moment  of  rising  and  setting,  are  visible  above  the  horizon,  the 
lower  edge  of  their  disks  just  touching  it,  when  in  reality  they  are 
below  it,  the  upper  edge  of  the  disk  just  touching  it. 

The  moments  of  rising  of  all  objects  are  therefore  accelerated,  and 
those  of  setting  retarded,  by  refraction.  The  sun  and  moon  appear 
to  rise  6e/brc  they  have  really  risen,  and  to  set  o^fcr  they  have  really 
set;  and  the  same  is  true  of  all  other  objects. 

158.  Oeneral  effect  of  tbe  barometer  on  refraction. — Since 
the  barometer  rises  with  the  increased  weight  and  density  of  the  air, 
its  rise  is  attended  by  an  augmentation,  and  its  fall  by  a  decrease,  of 
refraction.  It  may  be  assumed  that  the  refraction  at  any  proposed 
altitude  is  increased  or  diminished  by  the  300th  part  of  its  mean 
quantity  for  every  tenth  of  an  inch  by  which  the  barometer  exceeds 
or  falls  short  of  the  height  of  30  inches. 

159.  Bffect  of  tbermometer. — As  the  increase  of  tempera- 
ture causes  a  decrease  of  density,  the  effect  of  refraction  is  diminished 
by  the  elevation  of  the  thermometer,  the  state  of  the  barometer 
being  the  same.  It  may  be  assumed,  that  the  refraction  at  any  pro- 
posed altitude  is  diminished  or  increased  by  the  420th  part  of  its 

I 


iH 


ASTRONOMY. 


mean  amount  for  each  degree  by  which  Fahrenheit's  thermometer 
exceeds  or  falls  short  of  the  mean  temperature  of  55*'. 

160.  Twilight  eaased  by  tbe  reflection  of  tbe  atmo- 
spbere. — The  sun  continues  to  illimiinate  the  clouds  and  the  su- 
perior strata  of  the  air  after  it  has  set^  in  the  same  manner  as  it 
shines  on  the  summits  of  lofty  mountain  peaks  long  after  it  has  de- 
scended from  the  view  of  the  inhabitants  of  the  adjacent  plains. 
The  air  and  clouds  thus  illuminated^  reflect  light  to  the  surface 
below  them^  and  thus^  after  sunset  and  before  sunrise^  produce  that 
light,  more  or  less  feeble  according  to  the  depression  of  the  sun, 
cidled  TWILIGHT.  Immediately  after  sunset  the  entire  visible  atmo- 
sphere, and  all  the  clouds  which  float  in  it,  are  flooded  with  sunlight, 
and  produce,  by  reflection,  an  illumination  little  less  intense  Uian 
before  the  sun  had  disappeared.  According  as  the  sun  sinks  lower 
and  lower,  less  and  less  of  the  visible  atmosphere  receives  his  light, 
and  less  and  less  of  it  is  transmitted  by  reflection  to  the  surface, 
until  at  length,  and  by  slow  degrees,  all  reflection  ceases  and  night 
begins. 

The  same  series  of  phenomena  are  developed  in  an  opposite  order 
before  sunrise  in  the  morning,  commencing  with  the  flrst  feeble 
light  of  dawn,  and  ending  with  the  full  blaze  of  day,  when  the  disk 
of  the  sun  becomes  visible. 

161.  Oral  form  of  disks  of  sun  and  moon  explained. — One 
of  the  most  curious  efiects  of  atmospheric  refraction  is  the  oval  form 
of  the  disks  of  the  sun  and  moon,  when  near  the  horizon.  This 
arises  from  the  unequal  refraction  of  the  upper  and  lower  limbs. 
The  latter  being  nearer  the  horizon  is  more  aflected  by  refraction, 
and  therefore  raised  in  a  greater  degree  than  the  upper  limb,  the 
efiect  of  which  is  to  bring  the  two  limbs  apparently  closer  together, 
by  the  difference  between  the  two  refractions.  The  form  of  the 
disk  is  therefore  aflected  as  if  it  were  pressed  between  two  forces, 
one  acting  above,  and  the  other  below,  tending  to  compress  its  ver- 
tical diameter,  and  to  give  it  the  form  of  an  ellipse,  the  lesser  axis 
of  which  is  vertical,  and  the  greater  horizontal 

162.  Paballax. — Since  the  apparent  place  of  a  distant  object 
depends  on  the  direction  of  the  visual  line  drawn  from  the  observer 
to  such  object,  and  since  while  the  object  remains  stationary  the 
direction  of  this  visual  line  is  changed  with  every  change  of  position 
of  the  observer,  such  change  of  position  produces  necessarily  a  dis- 
placement in  the  apparent  position  of  the  object. 

This  apparent  displacement  of  any  object  seen  at  a  distance,  due 
to  the  change  of  position  of  the  observer,  is  called  parallax. 

It  follows  that  a  distant  object  seen  by  two  observers  at  different 
places  on  the  earth  is  seen  in  different  directions,  so  that  its  appa- 
rent place  in  the  fiimanlent  will  be  different    It  would  therefore 
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follow,  that  the  aspect  of  the  heavens  would  vary  with  every  change 
of  position  of  the  observer  on  the  earth,  just  as  the  relative  position 
of  objects  on  land  which  are  stationary  changes  when  viewed  from 
the  deck  of  a  vessel  which  sails  or  steams  along  the  coast.  But  it 
80  happens,  that  even  the  greatest  difference  of  position  which  can 
exist  between  observers  on  the  earth's  surface  is  so  small  compared 
even  with  the  nearest  bodies  to  the  earth,  that  the  apparent  dis- 
placement, or  PARALLAX,  thus  produced  is  very  small  j  while  for  the 
most  numerous  of  celestial  objects,  the  stars,  it  is  absolutely  in- 
appreciable by  the  most  refined  means  of  observation  and  measure- 
ment. 

Small  as  it  is,  however,  so  far  as  relates  to  the  nearer  bodies  of 
the  imi verse,  it  is  capable  of  deiinite  measurement,  and  its  amount 
for  each  of  them  supplies  one  of  the  data  by  which  their  distances 
are  calculated. 

163.  Apparent  and  true  place  of  an  object.  —  Diurnal 
parallax. — When  an  object  is  within  such  a  limit  of  distance  as 
would  cause  a  sensible  displacement  to  be  produced  when  it  is 
viewed  from  different  parts  of  the  earth's  surface,  it  is  convenient, 
in  registering  its  apparent  position  at  any  given  time,  to  adopt 
some  fixed  station  from  which  it  is  supposed  to  be  observed.  The 
station  selected  by  astronomers  for  this  purpose  is  the  centre  of  the 
earth.  The  direction  in  which  an  object  would  be  seen  if  viewed 
from  the  centre  of  the  earth  is  called  its  true  place.  The  direction 
in  which  it  is  seen  from  any  place  of  observation  on  the  surface  is 
called  its  appaipjnt.  place,  and  the  apparent  displacement  which 
would  be  produced  by  the  transfer  of  the  observer  from  the  centre  to 
the  surface  or  vice  versd,  or,  what  is  the  same,  the  difference  between 
the  true  and  apparent  places,  is  called  the  diitbnal  parallax. 

In  Jiff.  46,  let  c  represent  the  centre  of  the  earth,  p  a  place  ot 
observation  on  its  surface,  0  an  object  seen  in  the  zenith  of  p,  0'  the 
same  object  seen  at  the  zenith  distance  opo',  and  0''  the  same 
object  seen  in  the  horizon. 

It  is  evident  that  0  will  appear  in  the  same  direction,  whether  it 
be  viewed  from  p  or  c.  Hence  it  follows  that  in  the  zenith  there  is 
no  diurnal  parallax,  and  that  there  .the  apparent  place  of  an  object 
is  its  true  place. 

But  if  the  object  be  at  0',  then  the  apparent  direction  is  P  0% 
while  the  true  direction  is  c  0',  and  the  apparent  place  of  the  object 
will  be  of,  while  its  true  place  will  be  f]  and  the  diurnal  parallax 
corresponding  to  the  zenith  distance  0  P  o'  will  be  f  W,  or  the  angle 
f  0'  a',  which  is  equal  to  P  o'c. 

As  the  object  is  more  remote  from  the  zenith  the  parallax  is 
augmented,  because  the  semidiameter  c  p  of  the  earth;  which  passes 


ii6  ASTRONOMY. 

through  the  place  of  observation,  is  more  and  more  nearly  at  right 
an^es  to  the  directions  c  o^  and  P  o^ 


Fig.  46. 

1 64.  Borlxontal  parallax. — When  the  object  is  in  the  horizon^ 
as  at  of' J  the  diurnal  parallax  becomes  greatest,  and  is  called  the 
HOBizoinAL  PABALLAX.  It  is  the  angle  po^'o  which  the  semi* 
diameter  of  the  earth  subtends  at  the  object. 

165.  Animal  paraUaz. — K  the  earth  be  admitted  to  move 
annually  around  the  sun,  as  a  stationary  centre,  all  observers  placed 
on  its  surface,  seeing  distant  objects  fix)m  points  of  view  so  extremely 
distant  one  firom  the  other  as  are  the  opposite  extremities  of  its  orbit, 
must  necessarily,  as  might  be  supposed,  see  these  objects  in  very 
different  directions. 

To  comprehend  the  effect  which  nught  be  expected  to  be  produced 
upon  the  apparent  place  of  a  distant  object  by  such  a  moticm,  let  e 
"B^^'st'isl^^fig*  47,  represent  the  earth's  annual  course  around  the 
sun  as  seen  in  perspective,  and  let  o  be  any  distant  object  visible 
£rom  the  earth.  The  extremity  x  of  the  line  x  0  which  is  the  visual 
direction  of  the  object,  being  carried  v^ith  the  earth  round  the  circle 
E  e'e''  sfj  vnll  annually  describe  a  cone  of  which  the  base  is  the 
path  of  the  earth,  and  the  vertex  is  the  place  of  the  obj  ect  0.  While 
the  earth  moves  round  the  circle  e  e^^,  the  line  of  visual  direction 
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would  therefore  have  a  corresponding  motion^  and  the  apparent 

place  of  the  object  would  be  successively  changed  with  the  change  of 

direction  of  liiis  line.    K  the  object  be 

imagined  to  be  projected  by  the  eye  upon 

the  firmament,  it  would  trace  upon  it  a 

path  o(/  (/'  0%  which  would  be  circular  or 

elliptical;  according  to  the  direction  of  the 

object    When  the  earth  is  at  B,  the  object 

would  be  seen  at  0 ;  and  when  the  earth 

is  at  e'^,  it  would  be  seen  at  o".    The  extent 

of  this  apparent  displacement  of  the  object 

would  be  measured  by  the  angle  E  Q  'b!\ 

which  the  diameter  s  x'^  of  the  earth's  path 

or  orbit  would  subtend  at  the  object  0. 

It  has  been  stated  that,  in  general^  the 
apparent  displacement  of  a  distant  visible 
object  produced  by  any  change  in  the 
station  from  which  it  is  viewed  is  called 
PARALLAX.  That  which  is  produced  by 
the  change  of  position  due  to  the  diurnal 
motion  of  the  earth  being  called  dittsstal 
PAKALLAZ;  the  corresponding  displacement 
due  to  the  annual  motion  of  the  earth  is 
called  the  AinnrAL  paballax. 

The  greatest  amount,  therefore,  of  the 
annual  parallax  for  any  proposed  object  is 
the  angle  which  the  semidiameter  of  the 
earth's  orbit  subtends  at  such  object,  as  the 
greatest  amount  of  the  diurnal  parallax  is 
the  angle  which  the  semidiameter  of  the 
earth  itself  subtends  at  the  object. 

166.  Its  effects  npon  tbe  bodies  ef 
tbe  solar  system  apparent. — The  efiects  ^( 
of  annual  parallax  are  observable,  and  in- 
deed are  of  considerable  amount,  in  the 
case  of  all  the  bodies  composing  the  solar 
system.  The  apparent  annual  motion  of  the  sun  is  altogether  due 
to  parallax.  The  apparent  motions  of  the  planets  and  otiier  bodies 
composing  the  solar  system  are  the  effects  of  parallax,  combined 
with  the  real  motions  of  these  various  bodies. 

167.  Oeneral  absence  of  parallax  explained  by  ^reat  dis- 
tance.— With  a  few  exceptions,  no  traces  of  the  effects  of  annual 
parallax  have  been  discovered  among  the  innumerable  fixed  stars 
by  which  the  solar  system  is  surrounded,  and  since,  nevertheless, 
the  annual  motion  of  the  earth  in  its  orbit  rests  upon  a  body  of  evi- 
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dence  and  is  supported  by  arguments  which  must  be  regarded  as 
conclusive,  the  absence  of  parallax  can  only  be  ascribed  to  the  fact 
that  the  stara  generally  are  placed  at  distances  from  the  solar  system 
compared  wit^L  which  the  orbit  of  the  earth  shrinks  into  a  pointy 
and  therefore  that  the  motion  of  an  observer  round  this  orbit,  vast 
as  it  may  seem  compared  with  all  our  familiar  standards  of  magni- 
tude,  produces  no  more  apparent  displacement  of  a  fixed  star  Uian 
the  motion  of  an  animalcule  round  a  grain  of  mustard  seed  would 
produce  upon  the  apparent  direction  of  the  moon  or  sun. 

1 68.  Absence  of  seiuiible  parallax  of  fixed  stars. — When, 
on  any  clear  night,  we  contemplate  the  firmament,  and  behold  the 
countless  multitude  of  objects  that  sparkle  upon  it,  reviembering 
what  a  comparatively  small  number  are  comprised  among  thoee  of 
the  solar  system,  and  even  of  these  how  few  are  visible  at  any  one 
time,  we  are  naturally  impelled  to  the  inquiry.  Where  in  the  uni- 
verse are  these  vast  numbers  of  objects  placed  ? 

Very  little  reflection  and  reasoning,  applied  to  the  consideration 
of  our  own  position  and  to  the  appearance  of  the  heavens,  will  con- 
vince us  that  the  objects  that  chiefly  appear  on  the  firmament, 
must  be  at  almost  immeasurable  distances.  The  earth  in  its  annual 
course  roimd  th^  sun  moves  in  a  circle,  the  diameter  of  which  is 
about  200  millions  of  miles.  We,  who  observe  the  heavens,  are 
transported  upon  it  round  that  vast  circle.  The  station  &om  which 
we  observe  the  universe  at  one  period  of  the  year  is,  then,  200 
millions  of  miles  &om  the  station  from  which  we  view  it  at  another. 

Now  it  is  a  fact,  within  the  familiar  experience  of  every  one, 
that  the  relative  position  of  objects  will  depend  upon  the  point 
from  which  they  are  viewed.  If  we  stand  upon  the  bank  of  a  river, 
along  the  margin  of  which  a  multitude  of  ships  are  stationed,  and 
view  the  masts  of  the  vessels,  they  will  have  among  each  other  a 
certain  relative  arrangement.  If  we  change  our  position,  however, 
through  the  space  of  a  few  hundred  yards,  the  relative  position  of 
these  masts  will  not  be  the  same  as  before.  Two  which  before  lay 
in  line  will  now  be  seen  separate ;  and  two  which  before  were 
separated  are  now  brought  into  line.  Two,  one  of  which  was  to 
the  right  of  the  other,  are  now  reversed  j  that  which  was  to  the 
right,  is  at  the  left,  and  vice  versd  ;  nor  are  these  changes  produced 
by  any  change  of  position  of  the  ships  themselves,  for  they  are 
moored  in  stationary  positions.  The  changes  of  appearance  are  the 
result  of  our  ovm  change  of  position  ;  and  the  greater  that  change  of 
position  is,  the  greater  wUl  be  the  relative  change  of  these  appear- 
ances. Let  us  suppose,  however,  that  we  are  moved  to  a  much 
greater  distance  from  the  shipping ;  any  change  in  our  position  will 
produce  much  less  eflect  upon  the  relative  position  of  the  masts ; 
perhaps  it  will  require  a  very  considerable  change  to.produce  a  per- 
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ceivable  effect  upon  them.  Therefore,  in  proportion  as  our  distance 
firom  the  masts  is  increased,  so  in  proportion  will  it  require  a  greater 
change  in  our  own  position  to  produce  the  same  apparent  change  in 
their  position. 

Thus  it  is  with  all  visible  objects.  When  a  multitude  of  station- 
ary objects  are  viewed  at  a  distance,  their  relative  position  will 
depend  upon  the  position  of  the  observer ;  and  if  the  station  of  the 
observer  be  changed,  a  change  in  the  relative  position  of  the  objects 
must  be  expected ;  and  if  no  perceptible  change  is  produced,  it  must 
be  inferred  that  the  distance  of  the  objects  is  incomparably  greater 
than  the  change  of  position  of  the  observer. 

Let  us  now  apply  these  reflections  to  the  case  of  the  earth 
and  the  stars.  The  stars  are  analogous  to  the  masts  of  the  ships, 
and  the  earth  is  the  station  on  which  the  observer  is  placed.  It 
might  have  been  expected  that  the  magnitude  of  the  globe,  being 
eight  thousand  nules  in  diameter,  would  produce  a  change  of  posi- 
tion of  the  observer  sufficient  to  cause  a  change  in  the  relative 
position  of  the  stars,  but  we  find  that  such  is  not  the  case.  The 
stars,  viewed  from  opposite  sides  of  the  globe,  present  exactly  the 
same  appearance;  we  must,  therefore,  infer  that  the  diameter  of 
the  earth  is  absolutely  nothing  compared  to  their  distance. 

But  the  astronomer  has  still  a  much  larger  modulus  to  fall  back 
Upon.  He  reflects,  as  has  been  already  observed,  that  he  is  enabled 
to  view  the  stars  from  two  stations  separated  from  each  other,  not 
by  8000  miles,  the  diameter  of  the  earth,  but  by  200  millions  of 
miles,  that  of  the  earth's  orbit.  He,  therefore,  views  the  heavens 
on  the  1st  of  January,  and  views  them  again  on  the  ist  of  July,  the 
earth  having  in  the  meanwhile  passed  to  the  opposite  side  of  its 
orbit,  yet  he  finds,  to  his  amazement,  that  the  aspect  is  the  same. 
He  thinks  that  this  cannot  be — that  so  great  a  change  of  position 
in  himself  cannot  fail  to  make  some  change  in  the  apparent  position 
of  the  stars ; — that,  although  their  general  aspect  is  the  same,  yet 
when  submitted  to  exact  examination  a  change  must  assuredly  be 
detected.  He  accordingly  resorts  to  the  use  of  instruments  of  ob- 
servation capable  of  measuring  the  relative  positions  of  the  stars 
with  the  last  conceivable  precision,  and  he  is  more  than  ever  con- 
founded by  the  fact  that  still  no  discoverable  change  of  position  is 
found. 

For  a  long  period  of  time  this  result  seemed  inexplicable,  and 
accordingly  it  formed  the  greatest  difficulty  with  astronomers,  in 
admitting  the  annual  motion  of  the  earth.  The  alternative  offered 
was  this;  it  was  necessary,  either  to  fall  back  upon  the  Ptolemaic 
system,  in  which  the  earth  was  stationary,  or  to  suppose  that  the 
immense  change  of  position  of  the  earth  in  the  course  of  half  a 
year^  could  produce  no  discoverable  change  of  appearance  in  the 
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jstars;  a  fact  wMcli  inyolres  the  inference  tHat  the  diameter  of 
the  earth's  orbit  must  be  a  mere  point  compared  with  the  distance 
of  the  nearest  stars.  Such  an  idea  appeared  so  inadmissible  that 
for  a  long  period  of  time  many  preferred  to  embrace  the  Ptolemaic 
hypothesis^  beset  as  it  was  with  difficulties  and  contradictions. 

Improved  means  of  instrumental  observation  and  micrometrical 
measurement,  united  trith  the  zeal  and  skill  of  observers,  have  at 
length  surmounted  these  difficulties ;  and  the  parallax^  small  in- 
deed but  still  capable  of  measurement;  of  several  stars  has  been  as- 
certained. 

1 69.  Metliods  of  asoertalnlng'  tbe  parallax  of  fixed  stars. 
— It  will  easily  be  imagined  that  astronomers  have  diligently 
directed  their  observations  to  the  discovery  of  some  ch&nge  of  ap-^ 
parent  position^  however  small,  produced  upon  the  stars  by  the 
earth's  motion.  As  the  stars  most  likely  to  be  affected  by  the 
motion  of  the  earth  are  those  which  are  nearest  to  the  system,  and 
therefore  probably  which  are  brightest  and  largest,  it  has  been  to 
such  chiefly  that  this  kind  of  observation  has  been  directed ;  and 
since  it  wa^  certain  that,  if  any  observable  effect  bo  produced  by  the 
earth's  motion  at  all,  it  must  be  extremely  small,  the  nicest  and 
most  delioate  means  of  observation  were  those  alone  &om  which  the 
discovery  could  be  expected. 

One  of  the  earlier  expedients  adopted  for  the  solution  of  this  pro- 
blem was  the  erection  of  a  telescope,  of  great  length  and  power,  in 
a  position  permanently  fixed,  attached,  for  example,  to  the  side  of  a 
pier  of  soHd  masonry  erected  upon  a  foundation  of  rock.  This  in- 
strument was  screwed  into  such  a  position  that  particular  stars,  as 
they  crossed  the  meridian,  would  necessarily  pass  within  its  field  of 
view.  Micrometric  wires  were,  in  the  usual  manner,  placed  in  its 
eye-piece,  so  that  the  exact  point  at  which  the  stars  passed  the  me- 
ridian each  night,  could  be  observed  and  recorded  with  the  greatest 
precision.  The  instrument  being  thus  fixed  and  immovable,  the 
transits  of  the  stars  were  noted  each  night,  and  their  exact  places 
when  they  passed  the  meridian  recorded.  This  kind  of  observation 
was  carried  on  through  the  year ;  and  if  the  earth's  change  of  posi- 
tion, by  reason  of  its  annual  motion,  should  produce  any  effect  upon 
the  apparent  position  of  the  stars,  it  was  anticipated  that  such  effect 
would  be  discovered  by  these  means.  After,  however,  making  all 
allowance  for  the  usual  causes  which  affect  the  apparent  position  of 
the  stars,  no  change  of  position  was  discovered  which  could  be  as- 
signed to  the  earth's  motion. 

1 70.  Professor  Benderson*s  discovery  of  tl&e  parallax  of 
a  Centanri. — Notwithstanding  the  numerous  difficulties  which 
beset  the  solution  of  this  problem,  by  means  of  observations  made 
with  the  ordinary  instruments,  Professor  Henderson,  during  his  resi- 
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dence  as  astronomer  at  the  Royal  Obserratoiy  at  the  Cape  of  Qood 
Hope;  succeeded  in  making  a  series  of  observations  upon  the  star 
designated  a  in  the  constellation  of  the  Centaur^  which;  being  after- 
wards submitted  by  him  to  the  proper  reductions^  gave  a  parallax  of 
about  l'^  Subsequent  observations  made  by  his  successor,  Mr. 
Maclear,  at  the  same  observatory,  partly  with  the  same  instrument^ 
and  partly  with  an  improved  and  more  efficient  one  of  the  same 
class,  have  fully  confirmed  this  result,  giving  0*9187,  or  ^^.ths  of  a 
second  as  the  parallax. 

It  is  worthy  of  remark,  that  this  conclusion  of  Messrs.  Hender- 
son and  Maclear  is  confirmed  in  a  remarkable  manner,  by  the  fact' 
that  like  observations  and  computations  applied  to  other  stars  in  the 
vicinity  of  a  Centauri,  and  therefore  subject  to  like  annual  causes 
of  apparent  displacement,  such  as  the  mean  annual  variation  of 
temperature,  gtive  no  similar  result,  showing  thus  that  the  displace- 
ment found  in  the  case  of  a  Centauri  could  only  be  ascribed  to  par- 
allax. 

Since  the  limits  of  error  of  this  species  of  observation  affecting  the 
final  result  cannot  exceed  the  tenth  of  a  second,  it  may  then  be  as- 
sumed as  proved,  that  the  parallax  of  a  Centauri  is  about  1^%  and 
consequently  that  its  distance  from  the  solar  system  is  such  that 
light  must  take  more  than  three  years  to  move  over  it. 

171.  Parallax  of  a  few  stars  ascertained. — Notwithstanding 
the  great  number  of  stars  to  which  instruments  of  observation  of 
unlooked-for  perfection,  in  the  hands  of  the  most  able  and  zealous 
observers,  have  been  directed,  the  results  of  such  labours  have 
hitherto  been  rather  negative  than  positive.  The  means  of  obser- 
vation have  been  so  pe^ect,  and  their  application  so  extensive,  that 
it  may  be  considered  as  proved  by  the  absence  of  all  measurable 
displacement  consequent  upon  the  orbital  motion  of  the  earth  that, 
a  very  few  individual  stars  excepted,  the  vast  multitude  of  bodies 
which  compose  the  universe  and  wluch  are  nightly  seen  glittering 
in  the  firmament,  are  at  distances  from  the  solar  system  greater  than 
that  which  would  produce  an  apparent  displacement  amounting  to 
the  tenth  of  a  second.  This  limit  of  distances  is,  therefore,  ten  par- 
allactic units,  or  about  two  million  times  the  space  between  the 
earth  and  sun. 

Within  this  limit,  or  very  little  beyond  it)  the  following  stars 
have  been  found  to  be  placed,  the  nearest  of  which  is  that  already 
mentioned,  of  which  Professor  Henderson  discovered  the  parallax. 
Those  of  the  others  are  due  to  the  observations  of  Messrs.  Bessel, 
Struve,  and  Peters.  The  names  and  amount  of  parallax  of  each  star 
area  Centauri,  o'''9i9}  61  Cygni,  o''-348 ;  aLyrce o''*26i ;  Sinus, 
©"•230;  Groombridge  1830,  o'''2265  t  UrssB  Majoris,  o"'i33j 
Axcturus,  o''*i27;  Polaris,  o^^'oGy,  and  Capella,  o'''046. 
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The  parallax  of  the  first  seven  of  these  stars  may  be  considered 
as  having  been  ascertained  with  tolerable  certainty  and  precision. 
The  very  small  amount  of  that  of  the  last  two  is  such  as  to  render 
it  more  doubtful.  What  is  certain^  however,  in  relation  to  these  is, 
that  the  actual  amount  of  their  parallax  is  less  than  the  tenth  of  a 
second. 


CHAPTER  IX. 

PBECESSION  AND  ITUTATION. 


172.  Bffeets  wUoli  wonld  be  produced  if  a  rffttellite  were 
attaclied  to  tbe  anrfttce  of  tbe  eartb  at  tbe  equator.  —  If  the 

earth  were  attended  by  a  second  satellite,  revolving  dose  to  its  sur- 
face and  in  the  plane  of  its  equator,  the  periodic  time  of  the  satellite 
would  be  considerably  less  than  that  of  the  moon,  in  a  ratio  which 
is  easily  ascertained. 

But  such  a  satellite  would  be  subject  to  the  disturbing  action  of 
the  sun,  which  would  produce  in  its  orbit  inequalities  similar  in 
kind  to,  but  different  in  magnitude  from,  those  produced  by  the  sun's 
disturbing  force  on  the  moon's  orbit.  Its  nodes,  that  is,  the  equi- 
noxial  points  (inasmuch  as  its  orbit  is  by  the  supposition  the  plane 
of  the  equator),  would  receive  a  slow  regressive  motion  j  and  its 
inclination,  that  is,  the  obliquity  of  the  ecliptic,  would  be  subject 
to  a  variation  whose  period  would  depend  on  that  of  the  successive 
retm*ns  of  the  sim  to  the  same  equinoxial  point. 

This  satellite  would  also  be  subject  to  the  disturbing  action  of  the 
moon,  which  would  affect  it  in  a  manner  nearly  similar ;  since,  in 
that  case  ^so,  the  disturbing  body  would  be  exterior  to  the  disturbed. 
It  would  impart  to  the  line  of  nodes  of  the  supposed  satellite,  that 
is,  to  the  intersection  of  the  plane  of  its  orbit  with  the  plane 
of  the  earth's  equator,  a  retrograde  motion  upon  the  former  plane  ; 
and  since  that  plane  is  inclined  at  a  very  small  angle  to  the  plane 
of  the  ecliptic,  this  would  produce  a  like  retrograde  motion  of  the 
equinoxial  points  upon  the  ecHptic. 

A  variation  of  the  inclination  of  the  plane  of  the  equator  to  that 
of  the  moon's  orbit,  and,  therefore,  to  the  plane  of  the  ecliptic, 
would  also  be  produced,  the  period  of  which  would  depend  on  the 
moon's  motion. 

But  the  moon's  orbit  would  also  be  disturbed  by  the  attraction  of 
the  supposed  satellite.  A  regressive  motion  would  be  imparted  to 
the  line  in  which  the  plane  of  its  orbit  intersects  that  of  the  equator^ 
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and  a  periodical  variation  of  inclination  wouldlikewise  be  produced, 
depending  on  the  period  of  the  supposed  satellite. 

Let  us  now  imagine  that  the  supposed  satellite,  instead  of  revolv- 
ing in  a  short  period,  moves  with  a  much  slower  motion,  and  revolves 
in  23  hours  and  56  minutes,  the  time  of  the  earth's  rotation.  The 
inequalities  which  it  suffers  and  which  it  produces,  will  then  be 
changed  only  in  their  magnitudes  and  periods,  but  will  retain  the 
same  general  character.  But  the  supposed  satellite  now  having  the 
same  motion  precisely  as  the  surface  of  the  earth  close  to  which  it 
is  placed,  may  be  imagined  to  adhere  to  that  surface,  so  as  to  form, 
in  fact,  a  part  of  the  earth,  without  in  any  way  deranging  the  con- 
clusions which  have  been  deduced  above. 

173.  Iklke  efTeots  wonld  be  prodnoed  by  any  number  of 
■ncli  satollites,  or  wbat  wonld  be  equivalent,  by  tbe  splie- 
roldal  form. — But  the  same  observations  would  be  equally  appli- 
cable to  any  number  of  satellites  similarly  placed  and  similarly  mov- 
ing, which  might,  therefore,  be  imagined  to  be  successively  attached 
to  the  surface  of  the  globe  at  and  near  the  equator,  until  such  a  pro- 
tuberance would  be  formed  upon  it,  as  would  in  effect  convert  it  into 
the  form  of  an  oblate  spheroid,  such  as  the  form  of  the  earth  is 
known  to  be. 

It  is,  however,  to  be  further  considered,  that  the  effects  of  the  dis- 
turbing forces  which  thus  act  upon  this  protuberant  matter,  are 
necessarily  modified  by  the  inertia  of  the  spherical  mass  within  it, 
to  which  it  is  imagined  to  be  attached.  The  protuberant  mass 
which  alone  is  acted  on*  by  the  disturbing  forces,  cannot  obey  any 
action  of  these  forces,  without  dragging  with  it  this  vast  spherical 
mass  to  which  it  is  united.  The  motions  and  changes  of  motion, 
therefore,  which  it  receives,  will  be  rendered  slower  in  proportion 
to  the  mass  with  which  such  motions  must  be  shared. 

These  observations  are  obviously  applicable  equally  to  any  of  the 
other  planets,  which  being  attended  by  satellites,  have  the  spheroidal 
form. 

1 74.  Precession  of  tbe  equinoxes. — Since,  therefore,  we  may 
consider  the  spheroidal  protuberance  round  the  terrestrial  equator  as 
a  satellite  attached  to  the  earth,  it  will  follow  that  the  general  effect 
of  the  Sim's  disturbing  force  acting  upon  it,  wUl  be  to  impart  to 
its  nodes,  that  is,  to  the  equinoxial  points,  a  retrograde  motion, 
which  will  be  much  slower  than  that  which  they  would  receive 
from  the  same  cause,  if  this  protuberant  matter  were  not  compelled 
to  carry  with  it  the  mass  of  the  earth  contained  within  it. 

The  moon  exercises  a  like  disturbing  force  which  produces  a  like 
regression  of  the  nodes  of  the  equator  on  the  moon's  orbit;  and  that 
orbit  being  inclined  at  a  small  angle  to  the  ecliptic,  this  is  attended 
with  a  like  regression  of  the  equinoxial  points. 


124  ASTRONOMY. 

The  mean  annual  regression  of  the  equinoxial  points  upon  the 
plane  of  the  ecliptic  arising  from  these  causes,  is  50'''!. 

175.  Tbe  suii  retanui  to  tlie  equlnozJal  potnt  before  oom- 
pletlacr  its  revolntion.  —  Since  the  equinoxial  points  thus  moye 
backwards  on  the  ecliptic,  it  follows  that  the  sim,  after  it  has  in  its 
annual  course  passed  round  the  ecliptic,  will  arriye  at  either 
equinoxial  point  before  it  has  made  a  complete  rerolution.  The 
equinoxial  point  being  50'''!  behind  the  position  it  had  when  the 
sun  started  from  it,  the  sun  will  return  to  it  after  haying  moyed 
through  50'''!  less  than  a  complete  reyolution.  But  since  the 
mean  hourly  apparent  motion  of  the  sun  is  I47''*8,  it  follows  that 
the  centre  of  the  sun  will  return  to  the  equinoxial  point,  20"*  20**3 
before  completing  its  reyolution. 

176.  Bqulnozial  and  sidereal  year. — Hence  is  explained  the 
fiact,  that  while  the  sidereal  year,  or  actual  reyolution  of  the  earth 
round  the  sun,  is  365*  6^  9*  io"38,  the  equinoxial  revolution,  or* 
the  time  between  two  successiye  equinoxes  of  the  same  name,  is 
365*  5^  48"  5o''4,  the  latter  being  less  than  the  former  by  20"  20'. 

The  successiye  returns  of  the  sun  to  the  same  equinoxial  point 
must,  therefore,  always  precede  its  return  to  the  same  point  of  the 
ecliptic  by  20"  20*  of  time,  and  by  50''*  I  of  space. 

1 77.  Period  of  tlie  preoeMion.  — To  determine  the  period  in 
which  the  equinoxial  points  moving  backwards  constantiy  at  this 
mean  rate  would  make  a  complete  revolution  of  the  ecliptic,  it  is 
only  necessary  to  find  how  often  50"*  i  must  be  repeated  to  make 
up  360^,  or,  what  is  the  same,  to  divide  the  number  of  seconds  in 
360°  by  50*1,  which  gives  25,868  years. 

178.  Zte  effeet  npon  tbe  loniritudes  of  celestial  objects. — 
Although  this  motion,  slow  as  it  is,  is  easily  detected  from  year  to 
year  by  modem  instruments,  it  was  not  until  the  sixteenth  century 
that  its  precise  rate  was  ascertained.  Small  as  is  its  annual  amount, 
its  accumulation,  continued  from  year  to  year  for  a  long  period  of 
time,  causes  a  great  displacement  of  all  the  objects  in  the  heavens, 
in  relation  to  the  equinoxial  points  from  which  longitudes  and  right 
ascensions  are  measured.  In  7 1  *6  years,  the  equinoxes  retrograde 
1  ^,  and  therefore,  in  that  time,  the  longitudes  of  all  celestial  objects 
of  fixed  position,  such  as  the  stars,  have  their  longitudes  augmented 
i^*  Since  the  formation  of  the  earliest  catalogues  in  which  the 
positions  of  the  fixed  stars  were  registered,  the  retrogression  of  the 
equinoxial  points  has  amounted  to  30°,  so  that  the  present  longitudes 
of  all  the  objects  consigned  to  these  catalogues,  is  30°  greater  than 
those  which  are  there  assigned  to  them. 

179*  Precession  of  equinoxes  produces  a  rotation  of  tbe 
pole  of  tbe  equator  round  tbat  of  tbe  ecliptic.  —  If  two  diame- 
ters of  the  celestial  sphere  be  imagined  to  be  drawn^  one  perpen- 
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dicular  to  the  plane  of  the  equator  and  the  other  to  that  of  the 
ediptic;  the  angle  included  between  them  will  ohvioufily  be  equal 
to  the  angle  under  the  equator  and  ecliptic;  and  since  the  extremities 
of  these  diameters  are  the  poles  of  the  equator  and  ecliptic^  it  follows 
that  the  arc  of  the  heavens  included  between  these  poles  is  equal 
to  the  obliquity  of  the  ecliptic. 

But  since  a  plane  passing  through  these  diameters  is  at  right 
angles  both  to  the  equator  and  ediptiC;  the  line  of  equinoxes  or  the 
intersection  of  the  planes  of  the  equator  and  ediptic^  will  be  at 
right  angles  to  that  plane.  If;  therefore,  the  equinoxial  points 
revolve  round  the  ecliptic  in  a  retrograde  direction,  it  follows 
that  the  plane  passing  through  the  diameters  above  mentioned,  and 
through  the  poles  of  the  two  cirdes  to  which  the  line  joining  these 
points  is  at  right  angles,  will  revolve  with  a  like  motion,  roimd 
that  diameter  of  the  sphere  which  is  at  right  angles  to  the  plane  of 
the  ecliptic,  and  which  therefore  terminates  in  its  poles.  But  since 
the  pole  of  the  celestial  equator  is  upon  this  circle  at  a  distance 
from  the  pole  of  the  ecliptic  equal  to  the  obliquity  of  the  ecliptic, 
it  follows  that  the  pole  of  the  equator  will  be  carried  round  the 
pole  of  the  ecliptic,  in  a  lesser  circle  parallel  to  the  plane  of  the 
ecliptic,  with  a  retrograde  motion  exactly  equal  to  that  of  the 
equinoxial  points. 

180.  Blstanoe  of  pole  of  eqnator  firom  pole  of  eoliptio 
varies  witb  fbe  obliquity- — And  since  the  distance  of  the  pole 
of  the  equator  from  that  of  the  ecliptic  must  always  be  exactly 
equal  to  the  obliquity  of  the  ecliptic,  it  follows  that  every  change 
which  may  take  place,  from  whatever  cause,  in  the  position  of  the 
plane  of  the  equator,  whether  the  change  affect  the  angle  at  which 
it  is  inclined  to  the  ecliptic,  or  the  position  of  the  equinoxial  points^ 
must  be  attended  with  a  corresponding  change,  either  in  the  ap- 
parent distance  of  the  pole  of  the  equator  from  that  of  the  ecliptic, 
or  in  the  rate  or  direction  of  the  motion  of  the  latter  round  the 
former. 

181.  Pole  star  Taiies  firom  agre  to  affe. — As  the  pole  of  the 
equator  is  carried  with  this  slow  motion  round  the  pole  of  the  ecliptic^ 
its  position  for  all  popular,  and  even  for  some  scientific,  purposes  is 
usually  indicated  by  the  nearest  conspicuous  star,  for  it  rarely 
happens  that  any  such  star  is  found  to  coindde  with  its  exact  place. 
Such  star  is  the  pole  star,  for  the  time  being;  and  it  is  clear  from 
this  motion  of  the  pole,  tibiat  the  pole  star  must  necessarily  change 
from  age  to  age. 

The  present  polar  star  is  a  star  of  the  second  magnitude  in  the 
constellation  called  the  '^Lesser  Bear,"  and  its  present  distance 
from  the  exact  position  of  the  pole  is  i®  26^ 

The  motion  of  the  pole  as  above  described^  however,  is  such 
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that  this  distance  is  gradually  diminisliiiig^  and  will  continue  to 
diminisli  until  it  is  reduced  to  about  half  a  degree;  after  which  it 
will  increase^  and  after  the  lapse  of  a  long  period  of  time,  the  pole 
will  depart  &om  this  star^  and  it  will  cease  to  bear  the  name^  or 
serve  the  purposes^  of  a  pole  star. 

182.  Vormer  and  ftiture  pole  stars. — If  upon  any  star-map  a 
circle  be  traced  round  the  pole  of  the  ecliptic  at  a  distance  from  it 
of  23®*5,  such  circle  will  pass  through  all  positions  which  the  pole 
of  the  equator  will  have  in  time  to  come,  or  has  had  in  iime 
past;  and  it  will  then  be  easily  seen  which  are  the  conspicuous 
stars  in  whose  neighbourhood  it  will  pass  in  after  ages,  and  near 
which  it  has  passed  in  past  ages,  and  which  will  become  in  future^ 
or  haye  been  m  past  times,  the  pole  star  of  the  age. 

In  1 2,000  years  &om  the  present  time,  for  example,  it  will  be 
found  that  the  pole  will  pass  within  a  few  degrees  of  the  star  of 
the  first  magnitude  in  the  constellation  of  "  Lyra,"  called  a  Lyr<B, 

In  tracing  back  in  the  same  manner  the  position  of  the  pole 
among  the  stars,  it  is  found  that  at  an  epoch  3970,  or  nearly  4000 
years,  before  the  present  time,  the  pole  was  55®  15'  behind  its 
present  position  in  longitude;  and  at  this  time  the  nearest  bright 
star  to  it  was  the  star  y,  in  the  constellation  of  "  Draco."  The 
distance  of  this  star,  at  that  time,  from  the  pole  must  have  been  3^ 

44'  25"- 

183.  Remarkable  circumstance  connected  wltli  tlie  pyra- 
mids.— In  the  researches  which  have  been  made  in  Egypt,  a 
somewhat  remarkable  circumstance  has  been  discovered,  having 
relation  to  this  subject. 

Of  the  nine  pyramids  which  still  remain  standing  at  Gizeh,  six 
have  openings  presented  to  the  north,  leading  to  straight  passages 
which  descend  at  an  inclination  varying  &om  26°  to  27°,  the  axes 
of  the  passages  being  in  all  cases  in  the  plane  of  the  meridian  of 
the  pyramid.  Two  pyramids,  still  standing  at  Abousseir,  have 
similar  openings  leading  to  passages  having  similar  directions. 

Now,  if  we  imagine  an  observer  stationed  at  the  bottom  of  any 
of  these  passages,  and  looking  out  along  its  axis  as  he  would  look 
through  the  tube  of  a  telescope,  his  view  will  be  directed  to  a  point 
upon  the  northern  meridian  of  the  place  of  the  pyramid  at  an  alti- 
tude of  between  26°  and  27°,  corresponding  witii  the  elope  of  the 
passage.  This  is  precisely  the  altitude  at  which  the  star  y  Draconis 
must  have  passed  the  meridian  below  the  pole,  at  the  date  of  3970 
years  before  the  present  time,  allowing  for  the  difierence  of  position 
of  the  pole  according  to  the  principle  affecting  the  precession  of  the 
equinoxes  explained  above.  Now,  the  date  of  the  construction  of 
the  pyramids  corresponds  almost  exactly  with  this  epoch ;  and  it 
cannot  be  doubted^  that  the  peculiar  direction  given  to  these 
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passages  must  have  had  reference  to  the  position  of  y  Draconis;  the 
pole  star  of  that  age. 

1 84.  Vatation. — The  regression,  already  explained,  of  the  equi- 
nozial  points  upon  the  ecliptic,  must  be  understood  as  their  mean 
change  of  place  produced  by  the  disturbing  forces  of  the  sun  and 
moon  upon  the  protuberant  matter  of  the  equator  in  long  periods  of 
time.  But  this  regression  is  not  produced  at  a  uniform  rate.  The 
disturbing  forces  vary  in  their  actions  according  to  the  general 
principles  abeady  explained,  with  the  angles  formed  by  lines  drawn 
from  the  sun  and  moon  to  the  centre  of  the  earth  with  the  plane  of 
the  equator.  So  far  as  relates  to  the  sun,  this  variation  in  its  efiect 
goes  through  all  its  changes  within  a  year.  In  the  case  of  the 
moon,  it  will  obviously  vary  from  month  to  month  and  from  year 
to  year,  with  the  change  of  position  of  the  moon's  nodes }  and  as 
these  nodes  have  a  regressive  motion  making  a  complete  revolution 
in  about  nineteen  years,  the  variation  of  the  effect  of  the  moon's 
disturbing  force  will  pass  through  all  its  changes  within  that  period. 
The  regressive  motion  imparted  to  the  equinoxial  points,  and  also 
to  the  pole  of  the  equator  in  moving  round  the  pole  of  the  ecliptic, 
as  already  described,  by  the  sun  and  moon,  is  therefore  subject  to 
an  alternate  increase  and  decrease,  whose  period  is  a  year  for  the 
sun,  and  nineteen  years  for  the  moon. 

But  these  are  not  the  only  effects  produced  upon  the  position  of 
the  pole  of  the  equator  by  the  disturbing  action  of  the  moon  and 
sun.  According  to  the  effects  of  the  orthogonal  component  of  the 
disturbing  force,  it  will  be  easily  understood  that  the  protuberant 
matter  of  the  equator  being  regarded  as  a  satellite  disturbed  by  the 
sun  and  moon,  the  inclination  of  the  plane  of  the  equator  to  the 
ecliptic  will  be  subject  to  a  variation  proceeding  from  the  disturb- 
ing force  of  the  sun,  whose  period  will  be  a  year ;  and  its  inclina- 
tion to  the  plane  of  the  moon's  orbit  will  be  subject  to  a  like 
variation  whose  period  is  about  nineteen  years.  These  changes 
of  the  inclination  of  the  plane  of  the  equator  to  that  of  the 
ecliptic  and  the  moon's  orbit  will  be  attended  with  a  correspond- 
ing motion  of  the  pole  of  the  equator  to  and  from  the  pole  of  the 
ecliptic. 

This  alternate  approach  and  recess  of  the  pole  of  the  equator  to 
andfrom  the  pole  of  the  ecliptic,  combined  with  the  alternate  increase 
and  decrease  of  its  regressive  motion,  is  called  the  nutation  ;  that 
part  of  it  due  to  the  sun  being  called  the  solar  nutation  ;  and  that 
due  to  the  inoon,  the  lunar  nutation. 

.  The  solar  nutation  is  an  inequality  of  so  small  amount  as  alto- 
gether to  escape  observation,  and  therefore  must  be  looked  upon  to 
have  a  merely  theoretical  existence. 

It  is  otherwise,  however,  with  the  lunar  nutation.    By  the  alter- 
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nato  increase  amd  decreue  of  the  mgteeuve  motion  of  the  pole, 
combined  with  ita  altem&te  approach  and  receaa  to  and  &om  the 
^.e  of  the  ecliptic,  the  pole  is  moved  in  snch  a  manner  that,  if  it 
were  aflected  only  by  the  disturbing  force 
of  the  moon,  it  would  deKribe  an  ellipse 
sucb  as  A  B  c  n,  Jiff.  4.8  ;  the  major  axle  of 
which  would  be  in  the  direction  a  b  of  the 
pole  of  the  ecliptic,  and  would  measure 
l8"-5,  while  the  minor  axis  ■Would  be  at 
right  angles  to  this  direction,  and  would 
measure  J  3"74. 

But  while  the  pole  of  the  eqoator  de- 
scribes this  ellipse  completing  its  revolntion 
in  nineteen  years,  it  is  carried  bj  thecammon 
motion  of  preceesian,  in  a  retiogTade  direc- 
tion, as  abeady  described,  at  the  rat«  of 
;o"-i  in  each  year,  and  will,  therefore,  in 
nineteen  years  be  carried  through  I  ;''S  in 
its  motion  round  the  pole  of  the  equator. 
Now,  by  combining  this  motion  with  the 
elliptic  motion  already  described,  it  will  be 
easily  seen  that  the  pole  of  the  equator 
could,  in  revolving  round  the  pole  of  the 
ecliptic,  alternately  approaching  to  it  and 
receding  from  it  through  9"'35,  describe 
an  undulating  line  such  as  is  represented  in 
Jig  +9,  where  S  represents  the  pole  of  the  ecliptic. 

1S5.  BqnktloD  sf  tlie  (iqaliiazea-  —  Since  the  regression  of  the 
equinoxes  does  not  take  place 
at  an  uniform  rate,  but  is  subj  ect 
to  variations,  alternately  in- 
creasing and  decreasing  during 
every  nineteen  years,  its  true 
place  will  differ  from  its  mean 
place.  If  we  conceive  an  ima- 
ginary equinoiial  point  moving 
backward,  with  an  uniform  mo- 
tion at  the  rate  of  So"''i  *^^ 
place  of  such  point  would  be  the 
mean  place  of  the  equinosial 
point  The  true  place  would 
vary  from  this,  preceding  it  when 
the  disturbing  force  augments 
the  rate  at  which  the  equinosial  point  moves,  and  falling  behind  it 
when  it  decreases  that  rate. 


Fig.^9. 
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The  distance  between  the  true  and  imaginary  equinoxial  points 
is  called  the  equation  of  the  equinoxes. 

The  mean  place  of  the  equinox  for  any  proposed  time  is  given  by 
tables ;  and  the  equation  of  the  equinoxes  for  the  proposed  time 
gives  the  quantity  to  be  added  tO;  or  subtracted  fcom^  the  mean  place^ 
to  find  the  true  place. 

1 86.  Proportion  of  tbe'  mean  precession  dne  to  tbe  dis- 
turbing* forces  of  tlie  moon  and  snn. — If  the  entire  amount  ai 
the  mean  precession  in  a  given  time  be  expressed  by  y,  the  part  due 
to  the  moon  will  be  5;  and  that  due  to  the  sun  will  be  2. 

187.  Ikike  efTects  prodneed  in  tbe  case  of  otber  planets. — 
These  disturbing  effects  produced  upon  the  plane  of  the  planet's 
equator,  are  not  confined  to  the  case  of  the  earth.  All  the  planets 
which  have  the  spheroidal  form,  are  subject  to  similar  effects  fix)m 
the  sun^s  attraction  on  their  equatorial  protuberance,  the  magnitude 
of  these  effects  being,  however,  less  as  the  distance  from  the  sun  is 
increased.  In  the  case  of  the  major  planets,  the  sun's  disturbing 
action  on  the  planet's  equator,  proceeding  from  this  cause,  will  be 
altogether  insensible^ 

The  disturbing  forces  of  the  satellites  exerted  upon  the  plane  of 
the  equator,  in  the  cases  of  the  major  planets,  howevet,  must  be 
considerable  in  magnitude,  especially  so  far  as  relates  to  the  inner 
satellites,  and  very  complicated  in  its  character,  the  precession  and 
nutation  of  each  of  the  satellites  separately  being  combined  in 
affecting  the  actual  position  of  the  pole  of  the  planet. 

Since,  however,  these  phenomena  are  necessarily  local,  and 
manifested  only  to  observers  on  the  planet,  they  offer  merely  spe- 
culative interest  to  the  terrestrial  astronomer. 


CHAPTER  X. 

THE  MOON. 


188.  Tbe  moon  an  object  of  popular  interest. — Although 
it  be  in  mere  magnitude,  and  physically  considered,  one  of  the  most 
insignificant  bodies  of  the  solar  system,  yet  for  various  reasons,  the 
HOON  has  always  been  regarded  by  mankind  with  feelings  of  pro- 
found interest,  and  has  been  invested  by  the  popular  mind  with 
various  influences,  affecting  not  only  the  physical  condition  of  the 
globe,  but  also  the  phenomena  of  the  organised  world.  It  has  been 
as  much  an  object  of  popular  superstition  as  of  scientific  observa- 
tion.   These  drcumstaaces,  doubtless,  are  in  some  degree  (ming  to 

z. 
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its  striking  appearance  in  the  firmament^  to  the  various  changes  of 
form  to  which  it  is  subject,  and  above  all  to  its  proximity  to  the 
earth;  and  the  dose  alliance  between  it  and  our  planet. 

1 89.  Zts  distance. — The  distance  of  the  moon  from  the  earth 
is  assumed  to  be  about  thirty  times  the  earth's  diameter,  or  in 
round  numbers  237,000  miles. 

1 90.  Unear  Talna  of  I "  on  It. — The  linear  value  which  cor- 
responds to  the  visual  angle  of  one  second  of  space  on  the  surface 
of  the  moon  is  i*i  5  mile.*  Any  space,  therefore,  upon  the  moon, 
measured  by  its  visual  angle,  can  be  reduced  to  its  actual  linear 
value,  provided  its  direction  be  at  right  angles  to  the  visual  ray, 
which  it  will  be  if  it  be  at  the  centre  of  the  lunar  disk.  If  it  be 
between  the  centre  and  the  edges  it  will  be  foreshortened  by  the 
obliquity  of  the  moon's  surface  to  the  line  of  vision,  and,  conse- 
quently, the  linear  value  thus  computed  will  be  the  real  linear  value 
diminished  by  projection,  which,  however,  can  be  easily  allowed  for, 
so  that  the  true  linear  value  can  be  obtained  for  every  part  of  the 
lunar  4iBk. 

191.  Zts  apparent  and  real  diameter. — The  apparent  dia- 
meter of  the  moon  is  subject  to  a  slight  variation,  owing  to  a  cor- 
responding variation  due  to  the  small  ellipticity  of  its  orbit.  Its 
mean  value  is  found  to  be  31'  9" '37,  or,  from  the  most  exact 
methods,  2153  miles. 

Since  the  superficial  magnitude  of  spheres  is  as  the  squares,  and 
their  volume  or  solid  bulk  as  the  cubes,  of  their  diameters,  it  follows, 
that  the  superficial  extent  of  the  moon  is  about  the  fourteenth  part 
of  the  surface,  and  its  volume  about  the  forty-ninth  part  of  the 
bulk,  of  our  globe. 

192.  Apparent  and  real  motion. — The  moon,  like  the  sun, 
appears  to  move  upon  the  celestial  sphere  in  a  direction  contrary  to 
that  of  the  diurnal  motion.  Its  apparent  path  is  a  great  circle  of 
the  sphere,  inclined  to  the  ecliptic  at  an  angle  of  about  5®  8'  48'^ 
It  completes  its  revolution  of  tlie  heavens  in  27*  7**  43". 

This  apparent  motion  is  explained  by  a  real  motion  of  the  moon 
round  the  earth  at  the  mean  distance  above  mentioned,  and  in  the 
time  in  which  the  apparent  revolution  is  completed. 

193.  Bourly  motieny  apparent  and  real. — Since  the  time 
taken  by  the  moon  to  make  a  complete  revolution,  or  360°  of  the 
heavens,  is  27*  f^  43",  or  65  5** 7 2,  it  follows,  that  her  mean  ap- 
parent motion  per  day  is  13®  10'  35'',  and  per  hour  is  32'  56''', 
which  is  a  little  more  than  her  mean  apparent  diameter.  The  rate 
of  the  moon's  apparent  motion  on  the  firmament  may  therefore  be 
remembered  by  the  fact,  that  she  moves  over  the  length  of  her  own 
apparent  diameter  in  an  hour. 

*  For  the  method  of  determining  the  linear  value  of  an  arc  of  x^,  x',  or  i' 
at  a  distant  object,  «ee  Chapter  XXIIL 
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Since  the  linear  value  of  i"  at  the  moon's  distance  is  1*15  mile, 
the  linear  value  of  i^  is  69  miles,  and,  consequently,  the  real  motion 
of  the  moon  per  hour  in  her  orbit,  is  2272  miles.  Her  orbital 
motion  is  therefore  at  the  rate  of  37^^  miles  per  minute. 

194.  Orbit  elliptieal. — Although  in  its  general  form  and 
character  the  path  of  the  moon  round  the  earth  is,  like  the  orbits 
of  the  planets  and  satellites,  circulai*,  yet  when  submitted  to  accu- 
rate observation,  we  find  that  it  is  sliictly  an  ellipse  or  oval,  the 
centre  of  the  earth  occupying  one  of  its  fod.  This  fact  can  be  as- 
certained by  inmiediate  observation  upon  the  apparent  magnitude 
of  the  moon.  It  will  be  easily  comprehended  that  any  change 
which  the  apparent  magnitude,  as  seen  from  the  earth,  undergoes, 
must  arise  from  corresponding  changes  in  the  moon's  distance  from 
us.  Thus,  if  at  one  time  the  disk  of  the  moon  appears  larger  than 
at  another  time,  as  it  cannot  be  supposed  that  the  actual  size  of  the 
moon  itself  could  be  changed,  we  can  only  ascribe  the  increase  of 
the  apparent  magnitude  to  the  diminution  of  its  distance.  Now  we 
find  by  observation  that  such  apparent  changes  are  actually  observed 
in  its  monthly  course  around  the  earth.  The  moon  is  subject  to  a 
small  though  perceptible  variation  of  apparent  size.  We  find  that 
it  diminishes  imtU  it  reaches  a  minimum,  and  then  gradually  in- 
creases until  it  reaches  a  maxinium. 

When  the  apparent  magnitude  is  least,  it  is  at  its  greatest 
distance,  and  when  greatest,  at  its  least  distance.  The  positions 
in  which  these  distances  lie  are  directly  opposite.  Between 
these  two  positions  the  apparent  size  of  the  moon  imdergoes  a 
regular  and  gradual  change,  increasing  continually  from  its  mini- 
mum to  its  maximum,  and  consequently  between  these  positions 
its  distance  must  gradually  diminish  from  its  maximum  to  its 
minimum.  If  we  lay  down  on  a  chart  or  plan  a  delineation  of 
the  course  or  path  thus  determined,  we  shall  find  that  it  will  re- 
present an  oval,  which  difiers  however  very  little  from  a  circle ; 
the  place  of  the  earth  being  nearer  to  one  end  of  the  oval  than  the 
other. 

195.  Moon*s  apsides — apogee  and  perigree — profession 
of  tlie  apsides. — The  point  of  the  moon's  path  in  the  heavens  at 
which  its  magnitude  appears  the  greatest,  and  when,  therefore,  it 
is  nearest  the  earth,  is  called  its  pebigee  ;  and  the  point  where  its 
apparent  size  is  least,  and  where,  therefore,  its  distance  from  the 
earth  is  greatest,  is  called  its  apogee.  These  two  points  are  called 
the  hoon's  apsides. 

If  the  positions  of  these  points  in  the  heavens  be  observed  ac- 
curately for  a  length  of  time,  it  will  be  found  that  they  are  subject  to 
a  regular  change ;  that  is  to  say,  the  place  where  the  moon  appears 

smallest  will  every  month  shift  its  position ;  and  a  corresponding 
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change  will  take  place  in  the  point  where  it  appears  largest.  The 
movement  of  these  points  in  the  heavens  is  fomid  to  be  in  the  same 
direction  as  the  general  movement  of  the  planets;  that  is^  from 
west  to  east;  or  progressive.    This  phenomenon  is  called  the  pro- 

GBESSION  OF  THE  HOON'S  APSIDES. 

The  rate  of  this  progression  of  the  moon's  apsides  makes  a  com- 
plete revolution  in  a  similar  direction  as  the  motion  of  the  moon^  in 
3232*5753  mean  solar  days,  or  nearly  nine  years. 

196.  Moon's  nodes — asoending*  and  descending*  node  — 
fbeir  retrogression.  — If  the  position  of  the  moon's  centre  in  the 
heavens  be  observed  from  day  to  day,  it  will  be  found  that  its 
apparent  path  is  a  great  circle,  making  an  angle  of  about  5^  with 
the  ecliptic  This  path  consequently  crosses  the  ecliptic  at  two 
points  in  opposite  quarters  of  the  heavens.  These  points  are  called 
the  hoon's  nodes.  Their  positions  are  ascertained  by  observing  from 
time  to  time  the  distance  of  the  moon's  centre  from  the  ecliptic, 
which  is  the  moon's  latitude ;  by  watching  its  gradual  diminution, 
and  finding  the  point  at  which  it  becomes  nothing;  the  moon's 
centre  is  then  in  the  ecliptic,  and  its  position  is  the  node.  The  node 
at  which  the  moon  passes  from  the  south  to  the  north  of  the  ecliptic 
is  called  the  ascending  node,  and  that  at  which  it  passes  from  the 
north  to  the  south  is  called  the  descending  node. 

These  points,  like  the  apsides,  are  subject  to  a  small  change 
of  position,  but  in  a  retrograde  direction.  They  make  a  complete 
revolution  of  the  ecliptic  in  a  direction  contrary  to  the  motion  of  the 
sun  in  1 8 '6  years,  being  at  the  rate  of  3'  io"*6  per  day. 

1 97.  Rotation  on  Its  axis.  — While  the  moon  moves  round  the 
earth  thus  in  its  monthly  course,  we  find,  by  observations  of  its 
appearance,  made  even  without  the  aid  of  telescopes,  that  the  same 
hemisphere  is  always  turned  towards  us.  We  recognise  this 
tact  by  observing  that  the  same  marks  are  always  seen  in  the 
same  positions  upon  it.  Now  in  order  that  a  globe  which  revolves 
in  a  circle  around  a  centre  should  turn  continually  the  same 
hemisphere  towards  that  centre,  it  is  necessaiy  that  it  should  make 
one  revolution  upon  its  axis  in  the  time  it  takes  so  to  revolve. 
Por  let  us  suppose  that  the  globe,  in  any  one  position,  has  the 
centre  round  which  it  revolves  north  of  it,  the  hemisphere  turned 
toward  the  centre  is  turned  toward  the  north.  After  it  makes  a 
quarter  of  a  revolution,  the  centre  is  to  the  east  of  it,  and  the 
hemisphere  which  was  previously  turned  to  the  north  must  now  be 
turned  to  the  east.  Affcer  it  has  made  another  quarter  of  a  revolu- 
tion the  centre  will  be  south  of  it,  and  it  must  be  now  turned  to  the 
south.  In  the  same  manner,  after  another  quarter  of  a  revolution^ 
it  must  be  turned  to  the  west.  As  the  same  hemisphere  is  succes- 
sively turned  to  all  the  points  of  the  compass  in  one  revolution,  it 
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is  evident  that  the  globe  itself  must  make  a  single  revolution  on  its 
axis  in  that  time. 

It  appears^  then^  that  the  rotation  of  the  moon  upon  its  axis^ 
being  equal  to  that  of  its  revolution  in  its  orbit,  is  27*  7**  43°, 
or  655**  43°*.  The  intervals  of  light  and  darkness  to  the  inhabitants 
of  the  moon,  if  there  were  any,  would  then  be  altogether  different 
firom  those  provided  in  the  phmets ;  there  would  be  about  327**  52* 
of  continued  light  alternately  with  3  27**  5  2"  of  continued  darkness ; 
the  analogy,  then,  which,  as  will  hereafter  appear,  prevails  among 
the  planets  with  regard  to  days  and  nights,  and  whidi  forms  a  main 
argument  in  favour  of  the  conclusion  that  they  are  inhabited  globes 
like  the  earth,  does  not  hold  good  in  the  case  of  the  moon. 

198.  Znclinatloii  of  BxHm  of  rotation. — Although  as  a  general 
proposition  it  be  true  that  the  same  hemisphere  of  tiiie  moon  is  al- 
ways turned  toward  the  earth,  yet  there  are  small  variations  at  the 
edge  called  librations,  which  it  is  necessary  to  notice.  The  axis 
of  the  moon  is  not  exactly  perpendicular  to  its  orbit,  being  inclined 
to  the  ediptic  at  the  small  angle  of  1^  3c/  io'^*8.  By  reason  of 
this  inclination,  the  northern  and  southern  poles  of  the  moon  lean 
alternately  in  a  slight  degree  to  and  from  the  earth. 

199.  Kibratloii  in  latitude.  —  When  the  north  pole  leans 
towards  the  earth,  we  see  a  little  more*  of  that  region,  and  a  little 
less  when  it  leans  the  contrary  way.  This  variation  in  the 
northern  and  southern  regions  of  the  moon  visible  to  us,  is  called 

the  LIBRATION  IN  LATITrDB. 

200.  Kibratlon  in  loni^tude. — In  order  that  in  a  strict  sense 
the  same  hemisphere  should  be  continually  turned  toward  the  earth, 
the  time  of  rotation  upon  its  axis  must  not  only  be  equal  to  the 
time  of  rotation  in  its  orbit,  which  in  fact  it  is,  but  its  angular  velocity 
on  its  axis  in  every  part  of  its  course,  must  be  exactly  equal  to  its 
angular  velocity  in  its  orbit.  Now  it  happens  that  while  its  angular 
velocity  on  its  axis  is  rigorously  uniform  throughout  the  month,  its 
angular  velocity  in  its  orbit  is  subject  to  a  dight  variation ;  the 
consequence  of  this  is  that  a  little  more  of  its  eastern  or  western 
edge  is  seen  at  one  time  than  at  another.    This  is  called  the  libba- 

TIOW  m  LONGITUDE. 

201.  Binmal  libration. — By  the  diurnal  motion  of  the  earth, 
we  are  carried  with  it  round  its  axis ;  the  stations  from  which  we 
view  the  moon  in  the  morning  and  evening,  or  rather  when  it  rises 
and  when  it  sets,  are  then  different  according  to  the  latitude  of  the 
earth  in  which  we  are  placed.  By  thus  viewing  it  from  different 
places,  we  see  it  under  slightly  different  aspects.  This  is  another 
cause  of  a  variation,  which  we  see  in  its  eastern  and  western  edges : 
this  is  called  the  DiiTBJrAL  ubbahon. 

202»  MuMos  of  tlio  moon. — While  the  moon  revolves  round 
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the  eartli,  its  illuminated  Iiemispliere  ia  dlways  pieseated  to  the  son ; 
it  therefore  takes  various  positiona  in  reference  to  the  earUt.  In 
Jig.'$o,  the  effecla  of  this  ure  exhibited.     Let  £  S  represent  the  di- 


rectdoD  of  the  sun,  and  £  the  earth :  when  the  moon  is  at  h,  between 
the  sun  and  the  earth,  its  illuminated  hemisphere  being  tamed 
toward  the  Bun,  its  dark  hemisphere  will  be  preaentod  toward  the 
earth ;  it  will  therefore  be  invisible.  In  this  position  the  moon  ia 
said  to  be  in  Coifxmjonoir, 

When  it  moves  to  the  portion  C,  the  enlightened  hemisphere 
bdng  still  presented  to  the  sun,  a  amall  portion  of  it  onlj'  is 
turned  to  the  earth,  and  it  appeaiB  as  a  tMn  crescent,  as  represented 
ate. 

When  the  moon  takea  the  position  of  %  at  right  angles  to  the  aun 
it  is  said  to  be  in  acADBArtTRE ;  one  half  of  the  enlightened  hemi- 
sphere only  is  then  presented  to  the  esrtb,  end  the  moon  appears 
halved  as  represented  at  q. 

When  it  arrives  at  tho  position  o,  the  greater  part  of  the  en- 
lightened portion  is  turned  to  the  earth,  and  it  is  gibbous,  appearing 
aa  represented  at  g. 

Wiien  the  moon  comes  in  OPPosrrtoir  to  the  sun,  as  seen  at  F, 
the  enlightened  hemisphere  is  turned  full  toward  the  earth,  and  the 
moon  will  appear  fUll  aa  at  /,  unleasit  be  obscured  by  the  earth's 
ahadow,  which  rarelj  happeua.  In  tlie  same  manner  it  ia  shonn 
that  at  o'  it  is  again  gibbous ;  at  n'  it  ia  halved,  and  at  0'  it  is  e 

When  the  moon  is  full,  being  in  oppoaitiou  to  the  aun,  it  will 
necessarily  be  in  the  meridian  at  midnight,  and  wiU  rise  nearly  as 
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the  isun  Beta,  and  set  nearly  as  the  sun  rises ;  and  thuS;  whenever 
the  enlightened  hemisphere  is  turned  toward  us^  and  when,  therefore, 
it  is  the  most  capable  of  benefiting  us,  it  is  above  the  horizon  all 
night ;  whereas^  when  it  is  in  conjunction^  as  at  y,  and  the  dark 
hemisphere  is  turned  toward  uS;  it  would  then  be  of  no  use  to  us, 
and  is  accordingly  above  the  horizon  during  the  day.  The  position 
at  a  is  called  the  '*  first  quarter/'  and  at  o,^  the  ^^last  quarter."  The 
position  at  c  is  called  the  first  octant;  a  the  second  octant;  a' the  third 
octant ;  and  (/  the  fourth  octant  At  the  first  and  fourth  octants 
it  is  a  crescent;  and  at  the  second  and  third  octants  it  is  gibbous. 

203.  Sjmodlo  period  or  commoii  montli. — The  apparent 
motion  of  the  moon  in  the  heavens  is  much  more  rapid  than  tiiat  of 
the  sun ;  for  while  the  sun  makes  a  complete  circuit  of  the  ecliptic  in 
365*25  dayS;  and  therefore  moves  over  it  at  about  61^  per  day,  the 
moon  moves  at  the  rate  of  1 3°  i  c/  35^^  (193)  P^'  day.  As  the  sun 
and  moon  appear  to  move  in  the  same  direction  in  the  firmament, 
both  proceeding  fix>m  west  to  east;  the  moon  will,  after  conjunction, 
depart  from  the  sun  toward  the  east  at  the  rate  of  about  1 2°  9^  per 
day.  If  theU)  the  moon  be  in  conjunction  with  the  sun  on  any  given 
day,  it  will  be  1 2°  9^  east  of  it  at  the  same  time  on  the  foUowing 
day ;  24°  1 8^  east  of  it  after  two  days,  and  so  on.  If,  then,  the  moon 
set  with  the  sun  on  any  evening,  it  will;  at  the  moment  of  sunset 
on  the  following  evening,  be  1 2°  9^  east  of  the  sun,  and  at  sunset 
will  appear  as  a  thin  crescent,  at  a  considerable  altitude ;  on  the 
succeeding  day  it  will  be  24^  1 8^  east  of  the  sun,  and  will  be  at 
a  still  greater  altitude  at  sunset,  and  will  be  a  broader  crescent 
After  seven  days,  the  moon  will  be  removed  nearly  90^  from  the 
sun ;  it  will  be  at  or  near  the  meridian  at  sunset.  It  will  remain 
in  the  heavens  for  about  six  hours  after  sunset,  and  will  be  seen  in 
the  west  as  the  half-moon.  Each  successive  evening  increasing  its 
distance  from  the  sun,  and  also  increasing  its  breadth,  it  will  be 
visible  in  the  meridian  at  a  later  hour,  and  will  consequently  be 
longer  apparent  in  the  firmament  during  the  night — it  will  then  be 
gibbous.  After  about  fifteen  days,  it  will  be  1 80°  removed  from 
the  sun,  and  will  be  full,  and  consequently  will  rise  when  the  sun 
sets,  and  set  when  the  sun  rises — being  visible  the  entire  night. 
After  the  lapse  of  about  twenty-two  days,  the  distance  of  the  moon 
from  the  sun  being  about  270°,  it  will  not  reach  the  meridian 
until  nearly  the  hour  of  sunrise ;  it  will  then  be  visible  during  the 
last  six  hours  of  the  night  only.  The  moon  will  then  be  waning, 
and  toward  the  close  of  the  month  will  only  be  seen  in  the  morn- 
ing before  sunrise,  and  will  appear  as  a  crescent 

If  the  earth  and  sun  were  both  stationary  while  the  moon  revolves 
round  the  former,  the  period  of  the  phases  would  be  the  same  aa 
the  period  of  the  moon.    But  firom  what  has  been  explained,  it  will 

K4 
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be  evident  that  while  the  moon  makes  its  apparent  revolution  of 
the  heavens  in  about  27*3  days,  the  sun  advances  through  somewhat 
more  than  27°  of  the  heavens,  in  the  same  diredwn.  Before  the 
moon  can  reassume  the  same  phase,  it  must  have  the  same  position 
relative  to  the  sun,  and  must,  therefore,  overtake  it.  But  since  it 
moves  at  the  rate  of  about  1°  in  two  hours,  it  will  take  more  than 
two  days  to  move  over  27°.  Henee  the  stwodic  pebiod^  or  lunar 
month,  or  the  interval  between  two  successive  conjunctionsi,  is  about 
two  days  longer  than  the  sidereal  period  of  our  satellite. 

The  exact  length  of  the  synodic  period  is  29*  1 2**  44™  2**87,  or 
29*53059  mean  solar  days. 

204.  Mam  and  density.  —  The  result  of  the  most  recent  solu-* 
tions  of  this  problem,  by  various  methods  and  on  different  data, 
proves  that  the  mass  or  quantity  of  matter  composing  the  globe  of 
the  moon,  is  a  little  more  than  the  90th  part  of  the  mass  of  the 
earth ;  or,  more  exactly,  if  the  mass  of  the  earth  consist  of  a 
million  of  equal  parts,  the  mass  of  the  moon  will  be  equal  to 
1 1,399  ^^  these  parts. 

Since  the  volume  or  bulk  of  the  moon  is  about  the  50th  part 
of  that  of  the  earth,  while  its  mass  or  weight  is  little  more  tiian 
the  90th  part  of  that  of  the  earth,  it  follows  that  its  mean  density 
must  be  little  more  than  half  the  density  of  the  earth. 

205.  Vo  air  upon  tlie  moon. — In  order  to  determine  whether 
or  not  the  globe  of  the  moon  is  surrounded  with  any  gaseous 
envelope  like  the  atmosphere  of  the  earth,  it  is  necessaiy  first  to 
consider  what  appearances  such  an  appendage  would  present,  seen 
at  the  moon's  distance,  and  whether  any  such  appearances  are 
discoverable. 

According  to  ordinary  and  popular  notions,  it  is  difficult  to  sepa- 
rate the  idea  of  an  atmosphere  from  the  existence  of  clouds ;  yet 
to  produce  clouds  something  more  is  necessary  than  air.  The 
presence  of  water  is  indispensable,  and  if  it  be  assumed  that  no 
water  exist,  then  certainly  the  absence  of  clouds  is  no  proof  of  the 
absence  of  an  atmosphere.  Be  this  as  it  may,  however,  it  is  cer- 
tain that  there  are  no  clouds  upon  the  moon,  for  if  there  were,  we 
should  immediately  discover  them,  by  the  variable  lights  and 
shadows  they  would  produce.  If  there  be,  then,  an  atmosphere 
upon  the  moon,  it  is  one  entirely  unaccompanied  by  clouds. 

One  of  the  effects  produced  by  a  distant  view  of  an  atmosphere 
surrounding  a  globe,  one  hemisphere  of  which  is  illuminated  by 
the  sun,  is,  that  the  boimdary,  or  line  of  separation  between  the 
hemisphere  enlightened  by  the  sun  and  the  dark  hemisphere,  is  not 
sudden  and  sharply  defined,  but  is  gradual — the  light  fading  away 
by  slow  degrees  into  the  darkness. 

It  is  to  this  effect  upon  the  globe  of  the  earth  that  twilight 


THE  MOON.  137 

is  owing,  and  such  a  gradual  fading  away  of  the  sun's  light  is 
discoverable  on  some  of  the  planets,  upon  which  an  atmosphere  is 
observed. 

Now,  if  such  an  effect  of  an  atmosphere  were  produced  upon 
the  moon,  it  would  be  perceived  by  the  naked  eye,  and  still  more 
distinctly  with  the  telescope.  When  the  moon  appears  as  a  cres- 
cent, its  concave  edge  is  the  boundary  which  separates  the  en- 
lightened from  the  dark  hemisphere.  When  it  is  in  the  quarters, 
the  diameter  of  the  semicircle  is  also  that  boundary.  In  neither  of 
these  cases,  however,  do  we  ever  discover  the  slightest  indication  of 
any  such  appearance  as  that  which  has  just  been  described.  There 
is  no  gradu^  fading  away  of  the  light  into  the  darkness ;  on  the 
contrary,  the  boundary,  though  serrated  and  irregular,  is  neverthe- 
less perfectly  well-defined  and  sudden. 

ALL  these  circumstances  conspire  to  prove  that  there  does  not 
exist  upon  the  moon  an  atmosphere  capable  of  reflecting  light  in 
any  sensible  degree. 

The  magnitude  and  motion  of  the  moon  and  the  relative 
positions  of  the  stars  are  so  accurately  known,  that  nothing  is 
more  easy,  certain,  and  predse,  than  the  observations  which  may 
be  made  with  the  view  of  ascertaining  whether  any  stars  are  ever 
seen  which  are  sensibly  behind  the  edge  of  the  moon.  Such 
observations  have  been  made,  and  no  such  effect  has  ever  been 
detected.  This  species  of  observation  is  susceptible  o£  such  ex- 
treme accuracy,  tiiiat  it  is  certain  that  if  an  atmosphere  existed 
upon  the  moon  a  thousand  times  less  dense  than  our  own,  its  pre- 
sence must  be  detected. 

Bessel  has  calculated  that  if  the  difference  between  the  apparent 
diameter  of  the  moon,  and  the  arc  of  the  firmament  moved  over 
by  the  moon's  centre  during  the  occultation  of  a  star,  centrically 
occidted,  were  admitted  to  amount  to  so  much  as  2'^,  and  allowing 
for  the  possible  effect  of  moimtains,  by  which  the  edge  of  the  disk 
is  serrated,  taking  these  at  the  extreme  height  of  24,000  feet,  the 
density  of  the  lunar  atmosphere,  whose  refraction  would  produce 
such  an  effect,  would  not  exceed  the  968th  part  of  the  density  of 
the  earth's  atmosphere,  supposing  the  two  fluids  to  be  similarly 
constituted.  Nor  would  tins  conclusion  be  materially  modified  by 
any  supposition  of  an  atmosphere  composed  of  gases  different  from 
the  constituents  of  the  earth's  atmosphere. 

The  earth's  atmosphere  supports  a  column  of  30  inches  of 
mercury;  an  atmosphere  1000  times  less  dense  would  support 
a  column  of  three-tenths  of  an  inch  only.  We  may  therefore 
consider  it  as  an  established  fact,  that  no  atmosphere  exists  on 
the  moon  having  a  density  even  as  great  as  that  which  remains 
under  the  receiver  of  the  most,  perfect  air-pump,  after  that  in- 
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strument  has  withdrawn  from  it  the  air  to  the  utmost  extent  of  its 
power. 

If  further  proofs  of  the  nonexistence  of  a  lunar  atmosphere 
were  required^  Sir  J.  Herschel  indicates  seyeral  which  are  found 
in  the  phenomena  of  eclipses.  In  a  solar  eclipse  the  existence  of 
an  atmosphere  having  any  sensible  re&action;  would  enable  us 
to  trace  the  limb  of  the  moon  beyond  the  cusps  externally  to  the 
sun's  disk;  by  a  narrow  hut  brilliant  line  of  light  extending  to 
some  distance  along  its  edge.  No  such  phenomenon  has^  however^ 
been  seen. 

If  there  were  any  appreciable  quantity  of  vapour  suspended 
over  the  moon's  surface^  very  faint  stars  ought  to  disappear  behind 
it  before  the  moment  of  their  occultation  by  the  interposition  of 
the  moon's  edge.  Such,  however,  is  not  the  case.  When  occulted 
at  the  enlightened  edge  of  the  lunar  disk,  the  light  of  the  moon 
overpowers  them  and  renders  them  invisible,  and  even  at  the  dark 
edge  the  glare  in  the  sky,  caused  by  the  proximity  of  the  enlightened 
part  of  the  disk,  renders  the  occultation  of  extremely  minute  stars 
incapable  of  observation. 

206.  Moonllcbt  not  seiMlbl  j  ealorilloa  —  It  has  long  been  an 
object  of  inquiiy  whether  the  light  of  the  moon  has  any  heat,  but 
the  most  delicate  experiments  and  observations  have  failed  to 
detect  this  property  in  it«  The  light  of  the  moon  was  collected 
into  the  focus  of  a  concave  mirror  of  such  magnitude  as  woidd 
have  been  sufficient,  if  exposed  to  the  sun's  light,  to  evaporate  gold 
or  platinum.  The  bulb  of  a  differential  thermometer,  sensitive 
enough  to  show  a  change  of  temperature  amounting  to  the  500th 
part  of  a  degree,  was  placed  in  its  focus  so  as  to  receive  upon  it 
the  concentrated  rays.  Yet  no  sensible  effect  was  produced.  We 
must,  therefore,  conclude  that  the  light  of  the  moon  does  not 
possess  the  calorific  property  in  any  sensible  degree.  But  if  the 
rays  of  the  moon  be  not  warm,  the  vulgar  impression  'that  they 
are  cold  is  equally  erroneous.  We  have  seen  that  they  produce  no 
effect  either  way  on  the  thermometer. 

207.  Vo  liquids  on  tlie  moon. — The  same  physical  tests 
which  show  the  nonexistence  of  an  atmosphere  of  air  upon  the 
moon  are  equally  conclusive  against  an  atmosphere  of  vapour.  It 
might,  therefore,  be  inferred  that  no  liquids  can  exist  on  the  moon's 
su^ace,  since  they  would  be  subject  to  evaporation.  Sir  John 
Herschel,  however,  ingeniously  suggests  that  the  nonexistence  of 
vapour  is  not  conclusive  against  evaporation.  One  hemisphere  of 
the  moon  being  exposed  continuously  for  328  hours  to  the  glare  of 
sunshine  of  an  intensity  greater  than  a  tropical  noon,  because  of  the 
absence  of  an  atmosphere  and  clouds  to  mitigate  it,  while  the  other 
is  for  an  equal  interval  exposed  to  a^cold  far  moze  rigorous  than 
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that  whicli  preyails  on  the  summits  of  the  loftiest  mountains  or  in 
the  polar  region^  the  consequence  would  be  the  immediate  evapora- 
tion of  all  liquids  which  might  happen  to  exist  on  the  one  hemi' 
sphere^  and  tiie  instantaneous  condensation  and  congelation  of  the 
vapour  on  the  other.  The  vapour  would,  in  short,  be  no  sooner 
formed  on  the  enlightened  hemisphere,  than  it  would  rush  to  the 
vacuum  over  the  dark  hemisphere,  where  it  would  be  instantly- 
condensed  and  congealed,  an  effect  which  Herschel  aptly  illustrates 
by  the  familiar  experiment  of  the  CETOPHOBors.  The  consequence, 
as  he  observes,  of  this  state  of  things  would  be  absolute  aridity 
below  the  vertical  sun,  constant  accretion  of  hoar  frost  in  the 
opposite  region,  and  perhaps  a  narrow  zone  of  running  water  at  the 
borders  of  the  enlightened  hemisphere.  He  conjectures  that  this 
rapid  alternation  of  evaporation  and  condensation  may  to  some  extent 
preserve  an  equilibrium  of  temperature,  and  mitigate  the  severity 
of  both  the  diurnal  and  nocturnal  conditions  of  the  surface.  He 
admits  nevertheless  that  such  a  supposition  could  only  be  compa- 
tible with  the  tests  of  the  absence  of  a  transparent  atmosphere  even 
of  vapour  within  extremely  narrow  limits ;  and  it  remains  to  be 
seen  whether  the  general  physical  condition  of  the  lunar  surface  as 
disclosed  by  the  telescope  be  not  more  compatible  with  the  suppo- 
fition  of  the  total  absence  of  all  liquid  whatever. 

It  appears  to  have  escaped  the  attention  of  those  who  assume  the 
possibility  of  the  existence  of  water  in  the  liquid  state  on  the  moon, 
that  in  the  absence  of  an  atmosphere,  the  temperature  must  neces** 
sarily  be,  not  only  far  below  the  point  of  congelation  of  water,  but 
even  that  of  most  other  known  Hquids.  Even  within  the  tropics, 
and  under  the  line  with  a  vertical  sun,  the  height  of  the  snow  line 
does  not  exceed  16,000  feet;  and  nevertheless  at  that  elevation, 
and  still  higher,  there  prevails  an  atmosphere  capable  of  supporting 
a  considerable  colunm  of  mercury.  At  somewhat  greater  elevations, 
but  still  in  an  atmosphere  of  veiy  sensible  density,  mercury  is  con- 
gealed. Analogy^  therefore,  justifies  the  inference  that  the  total, 
or  nearly  total,  absence  of  air  upon  the  moon  is  altogether  incompa- 
tible with  the  existence  of  water,  or  probably  any  other  body  in  the 
liquid  state,  and  necessarily  infers  a  temperature  altogether  incom- 
patible  with  the  existence  of  organised  beings  in  any  respect  ana- 
logous to  those  which  inhabit  the  earth. 

But  another  conclusive  evidence  of  the  nonexistence  of  liquids  on 
the  moon  is  found  in  the  form  of  its  surface,  which  exhibits  none  of 
those  well  understood  appearances  which  result  from  the  long  con- 
tinued action  of  water.  The  mountain  formations  with  which  the 
entire  visible  surface  is  covered  are,  as  will  presently  appear,  uni- 
yeraally  so  abrupt,  precipitous,  and  unchangeable,  as  to  be  utterly 
incompatible  with  the  presence  of  liquids. 
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208.  Absenee  of  air  deprive  solar  Ught  and  beat  of  tbelr 
utility. — The  absence  of  air  also  prevents  the  division  of  the 
solar  light.  The  general  diffusion  of  the  sun's  light  upon  the  earth 
is  mainlj  due  to  the  reflection  and  re&action  of  the  atmosphere, 
and  to  the  light  reflected  by  the  clouds ;  and  that  without  such 
means  of  difiusion,  the  solar  light  would  only  illuminate  those  places 
into  which  its  rays  would  directly  penetrate.  Every  place  not  in 
full  sunshine,  or  exposed  to  some  illuminated  surface,  would  be 
involved  in  the  most  pitchy  darkness.  The  sky  at  noon-day  would 
be  intensely  black,  for  the  beautiful  azure  of  our  firmament  in  the 
day-time  is  due  to  the  reflected  colour  of  the  air. 

Thus  it  appears  that  the  absence  of  air  must  deprive  the  sun's 
illuminating  and  heating  agency  of  nearly  all  its  utility.  If  no 
diffusion  of  light  and  no  retention  and  accimiulation  of  heat,  such 
as  an  atmosphere  supplies,  prevail,  it  is  impossible  to  conceive  the 
existence  and  maintenance  of  an  organised  world  having  any  analogy 
to  the  earth. 

209.  As  seen  ftom  tlie  moon*  appoaranoe  of  tlie  eartb 
and  tlie  llrmameiit. — If  the  moon  were  inhabited,  observers  placed 
upon  it  would  witness  celestial  phenomena  of  a  singular  description, 
differing  in  many  respects  from  those  presented  to  the  inhabitants 
of  our  globe.  The  heavens  would  be  perpetually  serene  and 
cloudless.  The  stars  and  planets  would  shine  with  extraordinary 
splendour  duriAg  the  long  night  of  328  hours.  The  inclination  of 
her  axis  being  only  5°,  there  would  be  no  sensible  changes  of 
season.  The  year  would  consist  of  one  unbroken  monotony  of 
equinox.  The  inhabitants  of  one  hemisphere  would  never  see  the 
earth :  while  the  inhabitants  of  the  other  woidd  have  it  constantly 
in  their  firmament  by  day  and  by  night,  and  always  in  the  same 
position.  To  those  who  inhabit  the  central  part  of  the  hemisphere 
presented  to  us,  the  earth  would  appear  stationaiy  in  the  zenith, 
and  would  never  leave  it,  never  rising  nor  setting,  nor  in  any  degree 
changing  its  position  in  relation  to  the  zenith,  or  horizon.  To  those 
who  inhabit  places  intermediate  between  the  central  part  of  that 
hemisphere  and  those  places  which  are  at  the  edge  of  the  moon's 
disk,  the  earth  would  appear  at  a  fixed  and  invariable  distance  from 
the  zenith,  and  also  at  a  fixed  and  invariable  azimuth,  the  distance 
from  the  zenith  being  everywhere  equal  to  the  distance  of  the 
observer  &om  the  middle  point  of  the  hemisphere  presented  to  the 
earth.  To  an  observer  at  any  of  the  places  which  are  at  the  edge 
of  the  lunar  disk,  the  earth  would  appear  perpetually  in  a  fixed 
direction  on  the  horizon. 

The  earth  shone  upon  by  the  sun  would  appear  as  the  moon  does 
to  us;  but  with  a  disk  having  an  apparent  diameter  greater  than 
that  of  the  moon  in  the  ratio  of  79  to  2 1,  and  an  apparent  superficial 
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magnitude  about  fourteen  times  greater^  and  it  would  consequently 
hare  a  proportionately  illuminating  power. 

Earth  light  at  the  moon  would^  therefore^  be  about  fourteen  times 
more  intense  than  ^noonlight  at  the  earth.  The  earth  would  go 
through  the  same  phases  and  complete  the  series  of  them  in  the 
same  period  as  that  which  regulates  the  succession  of  the  lunar 
phases^  but  the  corresponding  phases  would  be  separated  by  the 
interval  of  half  a  month.  When  the  moon  is  fuU  to  the  earthy  the 
earth  is  new  to  the  moon,  and  vice  versa:  when  the  moon  is  a 
crescent^  the  earth  is  gibbous,  and  vice  versd. 

The  features  of  light  and  shade  would  not,  as  on  the  moon,  be  all 
permanent  and  invariable.  So  far  as  they  would  arise  from  the 
clouds  floating  in  the  terrestrial  atmosphere,  they  would  be  variable. 
Nevertheless,  theii  arrangement  would  have  a  certain  relation  to 
the  equator,  owing  to  the  efiect  of  the  prevailing  atmospheric 
currents  parcdlel  to  the  line.*  This  cause  would  produce  streaks  of 
light  and  shade,  the  general  direction  of  which  woidd  be  at  right 
angles  to  the  earth's  axis,  and  the  appearance  of  which  would  be  in 
all  respects  similar  to  the  belts  which,  as  will  appear  hereafter,  are 
observed  upon  some  of  the  planets,  and  which  are  ascribed  to  a  like 
physical  cause. 

Through  the  openings  of  the  clouds  the  permanent  geographical 
features  of  the  surface  of  the  earth  would  be  apparent,  and  would 
probably  exhibit  a  variety  of  tints  according  to  the  prevailing 
characters  of  the  soil,  as  is  observed  to  be  the  case  with  the  planet 
Mars  even  at  an  immensely  greater  distance.  The  rotation  of  the 
earth  upon  its  axis  woidd  be  distinctly  observed  and  its  time  ascer- 
tained. The  continents  and  seas  would  be  seen  to  disappear  in  suc- 
cession at  one  side  and  to  reappear  at  the  other,  and  to  pass  across 
the  disk  of  the  earth  as  carried  round  by  the  diurnal  rotation. 

210.  vnij  tbe  ftill  disk  of  tlie  moon  is  faintly  -visible 
near  new  moon. — Soon  after  conjunction,  when  the  moon  appears 
as  a  thin  crescent,  but  is  so  removed  from  the  sun  as  to  be  seen  at  a 
sufficient  altitude  after  sunset,  the  entire  lunar  disk  appears  faintly 
illuminated  within  the  horns  of  the  crescent.  This  phenomenon  is 
explained  by  the  effect  of  the  earth  shining  upon  tiie  moon,  and 
illuminating  it  by  reflected  light  as  the  moOn  illuminates  the  earth, 
but  with  a  degree  of  intensity  greater  in  the  ratio  of  about  14  to  i. 
According  to  what  has  just  been  explained,  the  earth  appears  to  the 
moon  nearly  full  at  the  time  when  tiie  moon  appears  to  the  earth  as 
a  thin  crescent,  and  it  therefore  receives  then  the  strongest  possible 
illumination.  As  the  lunar  crescent  increases  in  breadth,  the  phase 
of  the  earth  as  seen  from  the  moon  becomes  less  and  less  full,  and 
the  intensity  of  the  illumination  is  proportionately  diminished. 

*  See  Chapter  on  the  tides  and  trade  winds. 
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Hence  we  find^  that  as  the  lunar  crescent  passes  gradually  to  the 
quarter^  the  complement  of  the  lunar  disk  becomes  gradually  more 
Mntly  visible^  and  soon  disappears  altogether. 

211.  Vbysioal  eondltlon  of  tlie  ukoon*m  siirflMe. — If  we 

examine  the  moon  carefully^  even  without  the  aid  of  a  telescope^ 
we  shall  discover  upon  it  distinct  and  definite  lineaments  of  light 
and  shadow.  These  features  never  change;  there  they  remain^ 
always  in  the  same  position  upon  the  visible  orb  of  tJie  moon. 
Thus  the  features  that  occupy  its  centre  now,  have  occupied  the 
same  position  throughout  all  human  record.  We  have  already 
stated  that  the  first  and  most  obvious  inference  which  this  fact 
suggests,  is  that  the  same  hemisphere  of  the  moon  is  always 
presented  towards  the  earth,  and  consequently,  the  other  hemisphere 
is  never  seen.  This  singular  characteristic  which  attaches  to  the 
motion  of  the  moon  round  the  earth,  seems  to  be  a  general 
characteristic  of  all  other  moons  in  the  system.  Sir  William 
Herschel,  by  the  aid  of  his  powerful  telescopes,  observed  indications 
which  render  it  probable  that  the  moons  of  Jupiter  revolve  in  the 
same  manner,  each  presenting  continually  the  same  hemisphere  to 
the  planet.  The  cause  of  this  peculiar  motion  has  been  attempted 
to  be  explained  by  the  hypothesis  that  the  hemisphere  of  the 
satellite  which  is  turned  toward  the  planet,  is  very  elongated  and 
protuberant,  and  it  is  the  excess  of  its  weight  which  makes  it  tend 
to  direct  itself  always  toward  the  primary,  in  obedience  to  the 
universal  principle  of  attraction.  Be  this  as  it  may,  the  efiect  is, 
that  our  selenographical  knowledge  is  necessarily  limited  to  that 
hemisphere  which  is  turned  toward  us. 

But  what  is  the  condition  and  character  of  the  surface  of  the 
moon?  What  are  the  lineaments  of  light  and  shade  which  we  see 
upon  it?  There  is  no  object  outside  the  earth  with  which  the 
telescope  has  afforded  us  such  minute  and  satisfactory  information. 

If,  when  the  moon  is  a  crescent,  we  examine  with  a  telescope, 
even  of  moderate  power,  the  concave  boundary,  which  is  that  part 
of  the  surface  where  the  enlightened  hemisphere  ends  and  the  dark 
hemisphere  begins,  we  shall  find  that  this  boundary,  is  not  an  even 
and  regular  curve,  which  it  undoubtedly  would  be  if  the  surface 
were  smooth  and  regular,  or  nearly  so.  If,  for  example,  the  lunar 
surface  resembled  in  its  general  characteristics  that  of  our  globe, 
supposing  that  the  entire  surface  is  land,  having  the  general  cha- 
racteristics of  the  continents  of  the  earth,  the  inner  boundary  of 
the  lunar  crescent  would  still  be  a  regular  curve  broken  or  inter- 
rupted only  at  particular  points.  Where  great  mountain  ranges, 
like  those  of  the  Alps,  the  Andes,  or  the  Himalaya,  might  chance 
to  cross  it,  these  lofty  peaks  would  project  vastly  elongated  shadows 
along  the  adjacent  plains;  for  it  will  be  remembered  that,  being 
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rituated,  at  Qie  moment  in  queatdrai,  at  tike  boundaiy  of  the 
enlighttaied  and  darkened  henuapheraB,  die  abadows  would  be 
those  of  eremng  or  moming;  which  are  piodigioualj  longer  than 
the  objectE  themselTea.  The  effect  of  these  wo^d  be  to  ctaue  gaps 
or  irragularitiee  in  the  general  oatline  of  the  inner  boundai?  of 
the  crescent.  With  these  lare  exceptions,  the  inner  bounduy  of 
the  creacent  produced  bj  a  globe  like  tha  earth  would  be  an  even 
and  regular  curve. 

Such,  however,  is  not  the  case  witb  the  inner  boundai;  of  tlie 
lunar  crescent,  even  when  viewed  by  the  naked  eye,  and  adll  less 
so  when  magnified  bj  a  telescope. 

It  is  found,  on  tlie  contraiy,  tagged  and  aerrated,  and  brilliantlj 
iUnminated  points  are  seen  in  the  dark  parts  at  some  distance  from 
it,  while  dark  shadows  of  consdemble  length  appear  to  break  into 
the  illuminated  surface.  The  inequalitiea  thus  appsrent  indicate 
BiDgular  characteristics  of  the  surface.  The  bright  points  seen 
wiUiin  the  daric  hemisphere  are  the  peaka  of  lofty  mountaina  tinged 
with  the  sun'a  light.  They  are  in  the  condition  with  which  all 
travellers  in  Alpine  countriea  are  familiar;  alter  the  sun  has  set, 
and  darkneas  haa  aet  in  over  the  valleys  at  the  foot  of  tiie  chain,  the 
sun  still  coutdnnes  to  illuminate  the  peaks  above. 

The  sketch  of  the  lunar  crescent  given  ia^-  51,  being  n  re- 
presentation of  the  moon  when  visible  in  the  east,  ahortly  before 
Bunriae,  and  about  two  days  previously  to  conj  unction  with  the  Hun, 
will  illustrate  these  obaervation?. 

The  visible  hemisphere  of  our 
satellilfi  has,  witiun  tbe  last 
quarter  of  a  century,  been  sub- 
jected to  the  most  rigorous  exa- 
mination which  unwearied  in- 
duBtiy,  aided  by  the  vart  im- 
provement which  has  been  emoted 
in  the  instruments  of  telescopic 
observation,  rendered  posuble  ; 
and  it  is  no  exaggemtion  now  to 
state  that  we  possess  a  chart  of  [ 
that  hemisphere  which  in  accu- 
racy of  detail  far  exceeds  any 
similar  lepraaentation  of  tliP 
earth's  auiface. 

Among  the  selenogrnphicnl 
observers,  the  Prussian  astrono- 
mera,    MM.  Beer  and  Madler, 

atand  pre-eminent.  Their  descriptive  work,  entitled  ifer  Mmd, 
contains  the  moat  complete  collection  of  observations  on  the 
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physical  condition  of  our  satellite^  and  the  chart;  measuring  37 
inches  in  diameter^  exhibits  the  most  complete  zepiesentation  of 
the  lunar  surface  extant.  Besides  this  great  work,  a  selenographic 
chart  was  produced  by  Mr.  Kussell,  from  observations  made  with 
a  seven-foot  reflector^  a  similar  delineation  by  Lohrmann>  and^ 
lastly^  a  veiy  complete  model  in  relief  of  the  visible  hemisphere  by 
Madame  Witte^  an  Hanoverian  lady. 

To  convey  to  the  student  any  precise  or  complete  idea  of  the  mass 
of  information  collected  by  the  researches  and  labours  of  these 
eminent  observers^  would  be  altogether  incompatible  with  the 
necessary  limits  of  a  work  like  that  which  we  have  imdertaken. 

We  shall  therefore  confine  ourselves  to  a  selection  from  some  of 
the  most  remarkable  residts  of  those  works^  aided  by  the  telescopic 
chart  of  the  south-eastern  quadrant  of  the  moon's  disk,  given  in 
Plate  I.^  which  has  been  reduced  from  the  great  chart  of  Seer  and 
Madler^  the  scale  being  exactly  one  half  of  that  of  the  originaL 

212.  Geneeax  Desckiption  of  the  Moon^s  Sukface. 

(a)  DescryjHon  of  the  chart,  Plate  I.  —  The  entire  surface  of  the  visible 
hemisphere  of  the  moon  is  thickly  covered  with  moontainoos  masses  and 
ranges  of  various  forms,  magnitudes,  and  heights,  in  which,  however,  the 
prevalence  of  a  circular  or  crater-like  form  is  conspicuous.  The  mere  in- 
spection  of  the  chart  of  the  S.E.  quadrant,  Plate  I.,  will  render  this  evident ; 
and  the  other  three  quadrants  of  the  disk  do  not  differ  from  this  in  their 
general  character.* 

(6)  Causes  of  the  tints  of  white  and  grey  on  the  moorCs  disk.  —  The  various 
tints  of  white  and  grey  which  mark  the  lineaments  observed  upon  the  disk 
of  the  full  moon  arise  partly  from  the  different  reflecting  powers  of  the 
matter  composing  different  parts  of  the  lunar  surface,  and  partly  from  the 

*  It  must  be  observed  that  the  chart  represents  the  moon's  disk  as  it  is 
seen  on  the  south  meridian  in  an  astronomical  telescope.  As  that  instru- 
ment produces  an  inverted  image,  the  south  pole  appears  at  the  highest  and 
the  north  pole  at  the  lowest  point  of  the  disk,  and  the  eastern  limit  is  on 
the  right  and  the  western  on  the  left  of  the  observer,  all  of  which  positions 
are  the  reverse  of  those  which  the  same  points  have  when  viewed  without  a 
telescope,  or  with  one  which  does  not  invert.  The  longitudes  are  measured 
east  and  west  of  the  meridian  which  bisects  the  visible  disk.  The  original 
chart  is  engraved  in  four  separate  sheets,  each  representing  a  quadrant  of 
the  visible  hemisphere.  The  names  of  the  various  selenographical  re^^ons 
and  more  prominent  mountains  are  indicated  on  the  chart,  and  have  been 
taken  generally  from  those  of  eminent  scientific  men.  The  meridians  drawn 
on  the  chart  divide  the  surface  into  zones,  each  of  which  measures  five  de- 
grees of  longitude,  and  the  parallels  to  the  equator  divide  it  into  zones, 
having  each  the  width  of  five  degrees  of  latitude.  The  moon's  diameter 
being  less  than  that  of  the  earth  in  the  ratio  of  about  21  to  79,  a  degree  of 
Icmar  latitude  is  less  than  60  geographical  miles  in  the  same  proportion,  and 
is,  therefore,  equal  to  16  geographical  miles.  This  supplies  a  scale  by  which 
the  magnitudes  on  the  chart,  Plate  I.,  may  be  approximately  estimated. 
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different  angles  at  which  the  rays  of  the  solar  light  are  incident  upon  them. 
If  the  surface  of  the  lunar  hemisphere  were  uniformly  level,  or  neai'ly  so, 
these  angles  of  incidence  would  be  determined  by  the  position  of  each  point 
with  relation  to  the  centre  of  the  illuminated  hemisphere ;  and,  in  that  case, 
the  tints  would  be  more  regular  and  would  vary  in  relation  principally  to 
the  centre  of  the  disk ;  but,  owing  to  the  great  inequalities  of  level,  and 
the  vast  and  complicated  mountainous  masses  which  project  Arom  every  part 
of  the  surface,  and  the  great  depths  of  the  cavities  and  plains  which  are  sur- 
rounded by  the  circular  mountain  ranges,  the  angles  of  incidence  of  the 
solar  rays  are  subject  to  extreme  and  irregular  variation,  which  produce 
those  lineaments  and  forms  tinted  with  various  shades  of  grey  and  white 
with  which  every  eye  is  familiar. 

(c)  Shadows  visiMe  only  in  the  phases —  <Aey  supply  measures  of  heights  and 
depths. —  When  the  moon  is  full,  no  shadows  upon  it  can  be  seen,  because, 
in  that  position,  the  visual  ray  coinciding  with  the  luminous  ray,  each  object 
is  directly  interposed  between  the  observer  and  its  shadow.  As  the  phases 
progress,  however,  the  shadows  gradually  come  into  view,  because  the  visual 
ray  is  inclined  at  a  gradually  increasing  angle  to  the  solar  ray,  and,  in  the 
quarters,  this  angle  having  increased  to  90^,  and  the  boundary  of  the  en- 
lightened hemisphere  being  then  in  the  centre  of  the  hemisphere  presented 
to  the  observer,  the  position  is  most  favourable  for  the  observation  of  the 
shadows  by  which  cldefly,  not  only  the  forms  and  dispositions  of  the  moun- 
tainous masses  and  the  intervening  and  enclosed  valleys  and  ravines  are 
ascertained,  but  their  heights  and  depths  are  measured.  This  latter  problem 
is  solved  by  the  well-understood  principles  of  geometrical  projection  when 
the  directions  of  the  visual  and  aolax  rays,  the  position  of  the  object,  and 
of  the  surface  on  which  the  shadows  are  projected,  are  severally  given. 

(d)  Uniform  paicheSf  called  oc&xns,  seast  8^c.,  proved  to  he  irregular  land 
surface, —  Uniform  patches  of  greater  or  less  extent,  each  having  an  uniform 
grey  tint  more  or  less  dark,  having  been  supposed,  by  early  observers,  to  be 
large  collections  of  water,  were  designated  by  the  names,  Oceanus,  Make, 
Palus,  Lacus,  Simrs,  &c  These  names  are  still  retained,  but  the  increased 
power  of  the  telescope  has  proved  that  such  regions  are  diversified,  like  the 
rest  of  the  lunar  surface,  by  inequalities  and  undulations  of  permanent  forms, 
and  are  therefore  not,  as  was  imagined,  water  or  other  liquid.  They  differ  from 
other  regions  only  in  the  magnitude  of  the  mountain  masses  which  prevail 
upon  them.  About  two-thirds  of  the  visible  hemisphere  of  the  moon  con- 
sists of  this  character  of  surface.  Examples  of  these  are  presented  by  the 
Mare  Nubium,  Oceanus  Procellamm,  Mare  Humorum,  &c,  on  the  chart. 

(«)  Whiter  spots^  mountains, —  The  more  intensely  white  parts  are  moun- 
tains of  various  magnitude  and  form,  whose  height,  relatively  to  the  moon's 
magnitude,  greatly  exceeds  that  of  the  most  stupendous  terrestial  emi- 
nences ;  and  there  are  many,  characterised  by  an  abruptness  and  steepness 
which  sometimes  assume  the  position  of  a  vast  vertical  wall,  altogether 
without  example  upon  the  earth.  These  are  generally  disposed  in  broad 
masses,  lying  in  close  contiguity,  and  intersected  with  vast  and  deep  valleys, 
gullies,  and  abysses,  none  of  which,  however,  have  any  of  the  characters 
"which  betray  the  agency  of  water. 

(/)  Classes  of  circular  mountain  ranges. —  Circular  ranges  of  mountains 
which,  were  it  not  for  their  vast  magnitude,  might  be  inferred  from  their 
form  to  have  been  volcanic  craters,  are  by  far  the  most  prevalent  arrange- 
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ment    Thete  have  been  denominated,  according  to  their  magnitudes,  Bul- 
wark Plains,  Rnro  Mountains,  Craters,  and  Holes. 

{g)  Bulwark  plaint. —  These  are  circular  areas,  varying  from  40  to  120 
miles  in  diameter*  enclosed  by  a  ring  of  mountain  ridges,  mostly  continuous, 
bat  in  some  cases  intersected  at  one  or  more  points  by  vast  ravines.  The 
enclosed  area  is  generally  a  plain  on  which  mountains  of  less  height  are 
often  scattered.  The  surrounding  circular  ridge  also  throws  out  spurs,  both 
externally  and  internally,  but  the  latter  are  generally  shorter  than  the  for- 
4ner.  In  some  cases,  however,  internal  spurs,  which  are  diametrically  op- 
posed, unite  in  the  middle  so  as  to  cut  in  two  the  enclosed  plain.  In  some 
rare  cases  the  enclosed  plain  is  uninterrupted  by  mountains,  and  it  is  almost 
invariably  depressed  below  the  general  level  of  the  surrounding  land.  A  few 
instances  are  presented  of  the  enclosed  plain  being  convex. 

The  mountainous  circle  enclosing  these  vast  areas  is  seldom  a  single 
ridge.  It  consists  more  generally  of  several  concentric  ridges,  one  of  which, 
however,  always  dominates  over  the  rest  and  exhibits  an  unequal  summit, 
broken  by  stupendous  peaks,  which  here  and  there  shoot  up  from  it  to  vast 
heights.  Occasionally  it  is  also  interrupted  by  smaller  mountains  of  the 
circnlar  form. 

Examples  of  bulwark  plains  are  presented  in  the  cases  of  Clavius,  Walter, 
Regiomontanus,  Purbach,  Alphons,  and  Ptolemttus. 

The  diameter  of  Clavius  is  124  miles  *,  and  the  enclosed  area  is  12,000 
square  miles.  One  of  the  peaks  of  the  surrounding  ridge  shoots  up  to  the 
height  of  i6/x>o  feet. 

The  diameter  of  Ptolemttus  is  100  miles,  and  it  encloses  an  area  of  6400 
square  miles.  This  area  is  intersected  by  numerous  small  ridges,  not  above 
a  mile  in  breadth  and  100  feet  in  height  Ptolemttus  is  surrounded  by 
very  high  mountains,  and  is  remarkable  for  the  precipitous  character  of  its 
inner  sides. 

The  other  bulwark  plains  above  named  have  nearly  the  same  character, 
but  less  dimensions. 

(h)  Ring  mountains. — ^These  circular  formations  are  on  a  smaller  scale 
than  the  bulwark  plains,  varying  from  10  to  50  miles  in  diameter,  and  they 
are  generally  more  regular  and  more  exactly'  circular  in  their  form.  They 
are  sometimes  found  upon  the  ridge  which  encloses  a  bulwark  plain,  thus 
interrupting  the  continuity  of  its  boundary,  and  sometimes  they  are  seen 
within  the  enclosed  area.  Sometimes  they  stand  in  the  midst  of  the  maria. 
Their  inner  declivity  is  always  steep,  and  the  enclosed  area,  which  is  always 
concave,  often  includes  a  central  mountain,  presenting  thus  the  general 
character  of  a  volcanic  crater,  but  on  a  scale  of  magnitude  without  example 
in  terrestrial  volcanoes.  The  surface  enclosed  is  always  lower  than  the 
region  surrounding  the  enclosing  ridge,  and  the  central  mountain  often  rises 
to  such  a  height  that,  if  it  were  levelled,  it  would  fill  the  depression. 

(t)  Tycho,  a  ring  mountain,  —  The  most  remarkable  example  of  this  class 
is  Tycho  (see  chart,  lat.  42°  long.  12° J.  This  object  is  distinguishable 
without  a  telescope  on  the  lunar  disk  when  full ;  but,  owing  to  the  multitude 
of  other  features  which  become  apparent  around  it  in  the  phases,  it  can  then 
be  only  distinguished  by  a  perfect  knowledge  of  its  position,  and  with  a  good 
telescope.     The  enclosed  area,  which  is  very  nearly  circular,  is  47  miles  in 
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diameter,  and  the  inside  of  the  enclosing  ridge  has  the  steepness  of  a  wall. 
Its  height  above  the  level  of  the  enclosed  plain  is  i6»ooo  feet,  and  above 
that  of  the  external  regions  i2,cxx>  feet.  There  is  a  central  mount,  height 
4700  feet,  besides  a  few  lesser  hills  within  the  enclosure. 

(k)  Craters  and  holes. —  These  are  the  smallest  formations  of  the  circular 
class.  Craters  enclose  a  visible  area,  containing  generally  a  central  mound 
or  peak,  exhibiting  in  a  striking  manner  the  volcanic  character.  Holes 
include  no  visible  area,  but  may  possibly  be  craters  on  a  scale  too  small  to 
be  distinguished  by  the  telescope. 

Formations  of  this  class  are  innumerable  on  every  part  of  the  visible  sur- 
face of  the  moon,  but  are  no  where  more  prevalent  than  in  the  region  around 
Tycho,  which  may  be  seen  on  a  very  enlarged  scale  in  Plate  XL,  which 
represents  that  ring  mountain  and  the  adjacent  region,  extending  over  six- 
teen degrees  of  latitude,  and  from  sixteen  to  twenty  degrees  of  longitude. 

(if)  Other  nunmtain  formations. —  Besides  the  preceding,  which  are  the 
most  remarkable,  the  most  characteristic,  and  the  most  prevalent,  there  are 
various  other  forms  of  mountain,  classified  by  Beer  and  Mftdler,  but  which 
our  limits  compel  us  to  omit. 

(m)  Singular  and  unexplained  optical  j^ienomenon  of  radiating  streaks. — 
Among  the  most  remarkable  phenomena  presented  to  lunar  observers,  is  the 
systems  of  streaks  of  light  and  shade,  which  radiate  from  the  borders  of  some 
of  the  largest  of  the  ring  mountains,  spreading  to  distances  of  several  hun- 
dred miles  around  them.  Seven  of  the  mountains  of  this  class,  viz.,  Tycho, 
Copernicus,  Kepler,  Proclus,  Anaxagoras,  Aristarchus,  and  Olbers  are  seve- 
rally the  centres  round  which  this  extraordinary  radiation  is  manifested. 
Similar  phenomena,  less  conspicuously  developed,  however,  are  visible  around 
Mayer,  Euler,  Aristillus,  Timocharis,  and  some  others. 

These  phenomena,  as  displayed  when  the  moon  is  full  around  Tycho,  are 
represented  in  Plate  XII.  on  the  same  scale  as  Plate  XI. 

These  radiating  streaks  commence  at  a  distance  of  about  20  miles  outside 
the  circular  ridge  of  Tycho.  From  that  limit  they  diverge  and  overspread 
fully  a  fourth  part  of  the  visible  hemisphere.  On  the  S.  they  extend  to  the 
edge  of  the  disk ;  on  the  E.  to  Hainzel  and  Capuanus ;  on  the  S.E.  to  the 
Mare  Nubium ;  on  the  N.  to  Alphons ;  on  the  N.W.  to  the  Mare  Nectai'is, 
and  to  the  W.,  so  as  to  cover  nearly  the  entire  south-western  quadrant. 

fhey  are  only  visible  when  the  sun's  rays  fall  upon  the  region  of  Tycho 
at  an  incidence  greater  than  25^,  and  the  more  perpendicularly  the  rays  fall 
upon  it,  the  more  fully  developed  the  phenomena  will  be.  They  are,  there- 
fore, only  seen  in  their  splendour,  as  represented  in  Plate  XII.,  when  the 
moon  is  full.  As  the  moon  moves  from  opposition  to  the  last  quarter,  the 
streaks  therefore  gradually  disappear,  and  the  shadows  of  the  mountain 
formations  are  at  the  same  time  gradually  brought  into  view,  so  that  the 
aspect  of  the  moon  undergoes  a  complete  transformation.  This  change  may 
be  very  well  exhibited  by  holding  the  Plate  XII.  before  a  window  to  which 
the  back  of  the  observer  is  turned.  He  will  then  see  the  phenomena  as  they 
are  presented  on  the  full  moon.  Let  him  then  turn  slowly  upon  his  heel 
until  his  face  is  presented  to  the  window,  holding  the  paper  between  his  eyes 
and  the  light  The  Plate  XI.  will  then  be  seen  by  means  of  the  transparency 
of  the  paper,  and  it  will  gradually  become  more  and  more  distinctly  apparent 
as  he  turns  more  directly  towards  the  light.* 

*  This  ingenious  expedient  is  suggested  by  Mfidler.      It  must  be  remem- 
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•Althougli  the  mountain  formations  generally  disappear  under  the  splen- 
;'  dour  of  these  radiating  streaks,  some  few»  as  will  be  perceived  on  Plate  XII., 

'  continue  to  be  visible  through  them. 

None  of  the  numerous  selenographic  observers  have  proposed  any  satis- 

f-  fkctory  explanation  of  these  phenomena,  which  are  exhibited  nearly  in  the 

I  same  manner  around  the  other  ring  mountains  above  named.     Schr&ter 

L  supposed  them  to  be  mountains,  an  hypothesis  overturned  by  the  obsenra- 

ticms  since  made  with  more  powerful  instruments.     Herschel,  the  elder, 

suggested  the  idea  of  streams  of  lava;  Cassini  imagined  they  might  be 

clouds;  and  others  even  suggested  the  possibility  of  their  being  roads! 

Mfldler  imagines  that  these  ring  mountains  may  have  been  among  the  first 

selenological  formations;  and,  consequently,  the  points  to  which  all  the 

gases  evolved  in  the  formation  of  our  satellite  would  have  been  attracted. 

,  These  emanations  produced  effects,  such  as  vitrification  or  oxydation,  which 

modified  the  reflective  powers  of  tiie  surfue.     We  must,  however,  dismiss 

these  conjectures,  however  ingenious  and  attractive,  referring  those  who 

desire  to  pursue  the  subject  to  the  original  work. 

(n)  Environs  of  Tycho. —  This  region  is  crowded  with  hundreds  of  peaks, 
croBt«,  and  craters  (see  Plate  XI.) ;  not  the  least  vestige  of  a  plain  can  any- 
where be  discovered.  Towards  the  E.  and  S.E.  craters  predominate,  while 
to  the  W.  chains  parallel  to  the  ring  are  more  numerous.  On  the  S.  the 
mountains  are  thickly  scattered  in  confused  masses.  At  a  distance  of  15  to 
25  miles,  craters  and  small  ring  mountains  are  seen,  few  being  circular,  but 
all  approaching  to  that  form.  All  are  surrounded  by  steep  ramparts, 
(o)  WiOieUm  I. —  This  is  a  considerable  ring  mountain  S.E.  of  Tycho. 
I  The  altitude  of  its  eastern  parapet  is  10,000  feet,  that  of  its  western  being 

['  only  6000.    Its  crest  is  studded  with  peaks;  and  craters  of  various  magni- 

^-  tudes,  heights,  and  depths,  surrounding  it  in  great  numbers,  and  giving  a 

varied  appearance  to  the  adjacent  region. 
«...  (p)  Longomontanus — A  large  circular  range,  having  a  diameter  of  80 

;.  miles,  enclosing  a  plain  of  great  depth.    The  eastern  and  western  ridges 

rise  to  the  height  of  12,000  to  13,000  feet  above  the  level  of  the  enclosed 
\  .  plain.    Its  shadow  sometimes  falls  upon  and  conceals  the  numerous  craters 

and  promontories  which  lie  near  it.    The  whole  surrounding  region  is  savage 
I  and  rugged  in  the  highest  degree,  and  must,  according  to  Mftdler,  have 

resulted  from  a  long  succession  of  convulsions.    The  principal,  and  ap- 
parently original,  crater  has  given  way  in  course  of  time  to  a  series  of  new 
and  less  violent  eruptions.     All  these  smaller  formations  are  visible  on 
f  the  full  moon,  but  not  the  principal  range,  which  then  disappears,  though  its 

•^  place  may  still  be  ascertained  by  its  known  position  in  relation  to  T^cho. 

V  (g)  Maginus.  —  This  range  N.W.  of  Tycho  (see  Plate  I.)  has  the  appear- 

ance of  a  vast  and  wild  ruin.  The  wide  plain  enclosed  by  it  lies  in  deep 
shade  even  when  the  sun  has  risen  to  the  meridian.  Its  general  height  is 
1 3,000  feet.  A  broad  elevated  base  connects  the  numberless  peaks,  terraces, 
and  groups  of  hills  constituting  this  range,  and  small  craters  are  numerous 
among  these  wild  and  confused  masses.    The  central  peak  a  is  a  low  but 


bered,  however  that,  while  Plate  XI.  represents  the  region  as  it  appears  in  a 
telescope  which  inverts,  Plate  XII.,  represents  it  as  if  it  were  reflected  in  a 
mirror,  or  as  it  would  be  seen  with  a  telescope  having  a  prismatic  eye- 
piece. 
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well-defined  hill,  close  to  which  is  a  crater-like  depressioDy  and  other  leas 
considerable  hills. 

(r)  Analogy  to  terrestrial  voleanoeB  more  apparent  than  real —  enlarged  view 
of  Gassendi, —  The  volcanic  character  obsenred  in  the  selenographic  forma- 
tion loses  mnch  of  its  analogy  to  like  formations  on  the  earth's  surface 
when  higher  magnifying  powers  enable  us  to  examine  the  details  of  what 
appear  to  be  craters,  and  to  compare  their  dimensions  with  even  the  most 
extensive  terrestrial  craters.  Numerous  examples  maybe  produced  to  illus- 
trate this.  We  have  seen  that  Tycho,  which,  viewed  under  a  moderate 
magnifying  power,  appears  to  possess  in  so  eminent  a  degree  the  volcanic 
character,  is,  in  fact,  a  circular  chain  enclosing  an  area  upwards  of  fifty 
miles  in  diameter.  Gassendi,  another  ^stem  of  like  form,  and  of  still  more 
stupendous  dimensions,  is  delineated  in  Plate  XIII.,  as  seen  with  high 
magnifying  powers.  This  remarkable  object  consists  of  two  enormous  cir- 
cular chains  of  mountains,  the  lesser,  which  lies  to  the  north,  measuring 
16^  miles  in  diameter,  and  the  greater,  lying  to  the  south,  enclosing 
an  area  60  miles  in  diameter.  The  area  enclosed  by  the  former  is 
therefore  214,  and  by  the  latter  2827  square  miles.  The  height  of  the 
lesser  chain  is  about  10,000  feet,  while  that  of  the  greater  varies  from  3500 
to  5000  feet  The  vast  area  thus  enclosed  by  the  greater  chain  includes,  at 
or  near  its  centre,  a  principal  central  mountain,  having  eight  peaks  and  an 
height  of  2000  feet,  while  scattered  over  the  surrounding  enclosure  up- 
wards of  a  hundred  mountains  of  less  considerable  elevation  have  been 
counted. 

It  is  easy  to  see  how  little  analogy  to  a  terrestrial  volcanic  crater  is  pre- 
sented by  these  characters. 

The  preceding  selections,  combined  with  the  charts,  Plates  I., 
XI.,  XTT.,'  and  XUL,  will  serve  to  show  the  general  physical  character 
of  the  lunar  surface,  and  the  elaborate  accuracy  wil^  which  it  has 
been  submitted  to  telescopic  examination.  In  the  work  of  Beer 
and  Madler  a  table  of  the  heights  of  above  1 000  mountains  is  given, 
several  of  which  attain  to  an  elevation  of  23,000  feet,  equal  to  that 
of  the  highest  summits  of  terrestrial  mountains,  while  the  diameter 
of  the  moon  is  little  more  than  a  quarter  that  of  the  earth. 

213.  Observations  of  Bemcliel.  —  Sir  John  Herschel  says, 
that  among  the  luinar  mountains  may  be  observed  in  its  highest 
perfection  the  true  volcanic  character,  a^seen  in  the  crater  of 
Vesuvius  and  elsewhere ;  but  with  the  remarkable  peculiarity  that 
the  bottoms  of  many  of  the  craters  are  very  deeply  depressed  below 
the  general  surface  of  the  moon,  the  internal  depth  being  in  many 
cases  two  or  three  times  the  external  height.  In  some  cases,  he 
thinks,  decisive  marks  of  volcanic  strat^cation,  arising  from  a 
succession  of  deposits  of  ejected  matter,  and  evident  indications  of 
currents  of  lava  streaming  outwards  in  all  directions,  may  be  clearly 
traced  with  powerful  telescopes. 

214.  Observations  of  tbe  Barl  of  Sosse.  —  By  means  of  the 
great  reflecting  telescope  of  Lord  Rosse,  the  "flat  bottom  of  the 
crater  called  Albategnius  is  distiiictly  seen  to  be  strewed  with 

L  3 


1 50  ASTRONOMY. 

blocks^  not  visible  with  less  powerful  instruments ;  while  the  ex- 
terior of  another  (Aristillus)  is  intersected  wilji  deep  gullied 
radiating  from  its  centre. 

215..  Supposed  influenoe  of  the  moon  on  the  weather. — 

Among  the  many  influences  which  the  moon  is  supposed^  by  the 
world  in  general,  to  exercise* upon  our  globe,  one  of  those,  which 
has  been  most  universally  believed,  in  all  ages  and  in  all  countries,  is 
that  which  it  is  presumed  to  exert  upon  the  changes  of  the  weather. 
Although  the  particular  details  of  this  influence  are  sometimes 
pretended  to  be  described,  the  only  general  principle,  or  rule, 
which  prevails  with  the  world  in  general  is,  that  a  change  of  weather 
may  be  looked  for  at  the  epochs  of  new  and  full  moon :  that  is  to 
say,  if  the  weather  be  previously  fair  it  will  become  foul,  and  if 
foul  will  become  fair.  Similar  changes  are  also,  sometimes,  though 
not  so  confidently,  looked  for  at  the  epochs  of  the  quarters. 

A  question  of  this  kind  may  be  regarded  either  as  a  question  of 
science,  or  a  question  of  fact 

If  it  be  regarded  as  a  question  of  science,  we  are  called  upon  to 
explain  how  and  by  what  property  of  matter,  or  what  law  of  nature 
or  atta*action,  the  moon,  at  a  distance  of  a  quarter  of  a  million  0/ 
miles,  combining  its  eflects  with  the  sun,  at  four  hundred  times  that 
distance,  can  produce  those  alleged  changes.  To  this  it  may  be 
readily  answered  that  no  known  law  or  principle  has  hitherto 
explained  any  such  phenomena.  The  moon  and  sun  must,  doubt- 
less, aflect  the  ocean  of  air  which  surrounds  the  globe,  as  they  afiect 
the  ocean  of  water — producing  eflects  analogous  to  tides ;  but  when 
the  quantity  of  such  an  eflect  is  estimated,  it  is  proved  to  be  such 
as  could  by  no  means  account  for  the  meteorological  changes  here 
adverted  to. 

But  in  conducting  investigations  of  this  kind  we  proceed  alto- 
gether in  the  wrong  direction,  and  begin  at  the  wrong  end,  when 
we  commence  with  the  investigation  of  the  physical  cause  of  the 
supposed  phenomena.  Our  first  business  is  careMly  and  accurately 
to  observe  the  phenom«ia  of  the  changes  of  the  weather,  and  then 
to  put  them  in  juxtaposition  with  the  contemporaneous  changes  of 
the  lunar  phases.  If  there  be  any  discoverable  correspondence,  it 
then  becomes  a  question  of  physics  to  assign  its  cause. 

Such  a  course  of  observation  has  been  made  in  various  observa- 
tories with  all  the  rigour  and  exactitude  necessary  in  such  an 
inquiry,  and  has  been  continued  over  periods  of  time  so  extended, 
as  to  efiace  all  conceivable  eflects  of  accidental  irregularities. 

We  can  imagine,  placed  in  two  parallel  columns,  in  juxtaposition, 
the  series  of  epochs  of  the  new  and  full  moons,  and  the  quarters, 
and  the  corresponding  conditions  of  the  weather  at  these  times,  for 
fifty  or  one  hundred  years  back^  so  that  we  may  be  enabled  to  ex- 
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amine,  as  a  mere  matter  of  fact,  the  conditions  of  the  weather  for 
one  thousand  or  twelve  hundred  full  and  new  moons  and  quarters. 

From  such  a  mode  of  observation  and  inquiry^  it  has  resulted 
conclusively  that  the  popular  notions  concerning  the  influence  of  the 
lunar  phases  on  the  weather  have  no  foundation  in  theory,  and  no 
correspondence  with  observed  facts.  That  the  moon^  by  her  gravi- 
tation, exei*ts  an  attraction  on  our  atmosphere  cannot  be  doubted ; 
but  the  effects  which  that  attraction  would  produce  upon  the 
weather  are  not  in  accordance  with  observed  phenomena;  and, 
therefore,  these  effects  are  either  too  small  in  amount  to  be  appre- 
ciable in  the  actual  state  of  meteorological  instruments,  or  they  are 
obliterated  by  other  more  powerful  causes,  £rom  which  hitherto  they 
have  not  been  eliminated.  It  appears,  however,  by  some  series  of 
observations,  not  yet  confirmed  or  continued  through  a  sufficient 
period  of  time,  that  a  slight  correspondence  may  be  discovered 
between  the  periods  of  rain  and  the  phases  of  the  moon,  indicating 
a  very  feeble  influence,  depending  on  the  relative  position  of  that 
limiinary  to  the  sun,  but  having  no  discoverable  relation  to  the  lunar 
attraction.  This  is  not  without  interest  as  a  subject  of  scientific 
inquiry,  and  is  entitled  to  the  attention  of  meteorologists ;  but  its 
influence  is  so  feeble  that  it  is  altogether  destitute  of  popular  interest 
as  a  weather  prognostic.  It  may,  therefore,  be  stated  that,  as  far 
as  observation  combined  with  dieory  has  afforded  any  means  of 
knowledge,  there  are  no  grounds  for  the  prognostications  of  weather 
erroneously  supposed  to  be  derived  from  the  influence  of  the  sun 
and  moon. 

Those  who  are  impressed  with  the  feeling  that  an  opinion  so 
universally  entertained  even  in  countries  remote  from  each  other, 
as  that  which  presumes  an  influence  of  the  moon  over  the  changes 
of  the  weather,  will  do  well  to  remember  that  against  that  opinion 
we  have  not  here  opposed  mere  theory.  Nay,  we  have  abandoned 
for  the  occasion  the  support  that  science  might  afford,  and  the  light 
it  might  shed  on  the  negative  of  this  question,  and  have  dealt 
with  it  as  a  mere  question  of  fact.  It  matters  little,  so  far  as  this 
question  is  concerned,  in  what  manner  the  moon  and  sim  may  pro- 
duce an  effect  on  the  weather,  nor  even  whether  they  be  active 
causes  in  producing  such  effect  at  all.  The  point,  and  the  only 
point  of  importance,  is,  whether,  regarded  as  a  mere  matter  of  fact, 
any  correspondence  between  the  changes  of  the  moon  and  those  of 
the  weather  exists  P  And  a  short  examination  of  the  recorded  facts 
proves  that  it  does  not. 

216.  Other  supposed  lunar  influences. — But  nieteorological 
phenomena  are  not  the  only  effects  imputed  to  our  satellite )  that 
body,  like  comets,  is  made  responsible  for  a  vast  variety  of  inter- 
ferences with  organised  nature.    The  circulation  of  the  juices  ol 
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vegetables^  the  qualities  of  grain^  the  fate  of  the  vintage,  are  all 
laid  to  its  account ;  and  timber  must  be  felled,  the  harvest  cut  down 
and  gathered  in,  and  the  juice  of  the  grape,  expressed,  at  times 
and  under  circumstances  regulated  by  the  aspects  of  the  moon^  if 
excellence  be  hoped  for  in  these  products  of  the  soil. 

According  to  popular  belief,  our  satellite  also  presides  over  human 
maladies ;  and  the  phenomena  of  the  sick  chamber  are  governed  by 
the  lunar  phases;  nay,  the  very  marrow  of  our  bones,  and  the 
weight  of  our  bodies,  suffer  increase  or  diminution  by  its  influence. 
Nor  is  its  imputed  power  confined  to  physical  or  organic  effects;  it 
notoriously  governs  mental  derangement. 

If  these  opinions  respecting  lunar  influences  were  limited  to 
particular  countries,  they  would  be  less  entitled  to  serious  con- 
sideration; but  it  is  a  curious  fact  that  many  of  them  prevail  and 
have  prevailed  in  quarters  of  the  earth  so  distant  and  unconnected, 
that  it  is  difficult  to  imagine  the  same  error  to  have  proceeded 
from  the  same  source. 

Our  limits,  and  the  objects  to  which  this  volume  is  directed, 
render  it  impossible  here  to  notice  more  fuUy  the  physical  and 
physiological  influences  imputed  to  the  moon,  more  especially  as 
these  influences,  though  interesting  in  themselves,  have  but  an 
indirect  connection  with  lunar  astronomy. 

217.  Tbe  lunar  theory. — It  is  the  object  of  this  work  to 
present  to  the  reader  in  as  concise  a  form  as  possible,  a  general 
description  of  the  celestial  motions  peculiar  to  each  member  of  the 
solar  system,  without  adding  to  the  text  symbolical  explanations 
where  they  can  easily  be  avoided ;  those  of  our  readers  who  desire 
to  enter  largely  into  the  theoretical  branch  of  lunar  astronomy 
should,  therefore,  consult  those  works  which  are  more  particularly 
devoted  to  the  subject.  At  the  present  moment  some  of  our 
greatest  mathematicians  are,  not  only  in  England,  but  also  in  France 
and  Germany,  discussing  several  of  the  most  difficult  portions  of 
the  lunar  theory,  bringing  to  their  aid  the  highest  mathematical 
analysis  in  the  power  of  the  human  intellect.  The  publication  of 
the  reductions  of  the  Greenwich  observations  of  the  moon  made 
since  1750  up  to  a  modem  date,  has  to  a  great  extent  been  the 
origin  of  all  these  important  investigations.  As  one  great  result, 
Professor  Hansen  of  Gotha,  using  these  observations  for  the  perfec- 
tion of  the  theory,  has  formed  lunar  tables,  which  from  their 
general  agreement  with  a  considerable  number  of  modem  ob- 
servations, with  which  they  have  been  compared,  are  considered 
worthy  of  being  classed  amongst  the  greatest  triumphs  of  theoretical 
astronomy. 
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CHAPTER  XL 

THE  TIDES  AND  TRADE  WINDS. 

218.  Correspondence  between  tbe  reonrrenee  of  tbe  tides 
and  tbe  diurnal  appearance  of  tbe  moon.  —  The  phenomena 
of  the  tides  of  the  ocean  are  too  remarkable  not  to  have  attracted 
notice  at  an  early  period  in  the  progress  of  knowledge.  The 
intervals  between  the  epochs  of  high  and  low  water  everywhere 
corresponding  with  the  intervals  between  the  passage  of  the  moon 
over  the  meridian  above  and  below  the  horizon,  suggested  naturally 
the  physical  connection  between  these  two  Effects,  and  indicated 
the  probability  of  the  cause  of  the  tides  being  found  in  the  motion 
of  the  moon. 

219.  Brroneoos  notions  of  tbe  lunar  influence.  —  There 
are  few  subjects  in  physical  science  about  which  more  erroneous 
notions  prevail  among  those  who  are  but  a  little  informed.  A 
common  idea  is,  that  the  attraction  of  the  moon  draws  the  waters 
of  the  earth  toward  that  side  of  the  globe  on  which  it  happens 
to  be  placed,  and  that  consequently  they  are  heaped  up  on  that 
side,  so  that  the  oceans  and  seas  acquire  tiiere  a  greater  depth  than 
elsewhere;  and  that  high  water  will  thus  take  place  under,  or 
nearly  under,  the  moon.  But  this  does  not  correspond  with  the 
fact.  High  water  is  not  produced  merely  under  the  moon,  but  is 
equally  produced  upon  those  parts  most  removed  from  the  moon. 
Suppose  a  meridian  of  the  earth  so  selected,  that  if  it  were  con- 
tinued beyond  the  earth,  its  plane  would  pass  through  the  moon ; 
we  find  that,  subject  to  certain  modifications,  a  great  tidal  wave, 
or  what  is  called  high  watery  will  be  formed  on  both  sides  of  this 
meiidian ;  that  is  to  say,  on  the  side  next  the  moon,  and  on  the 
side  remote  from  the  moon.  As  the  moon  moves,  these  two  great 
tidal  waves  follow  her.  They  are  of  course  separated  from  each 
other  by  half  the  circumference  of  the  globe.  As  the  gjobe  re- 
volves with  its  diurnal  motion  upon  its  axis,  every  part  of  its 
surface  passes  successively  under  these  tidal  waves;  and  at  all 
such  parts,  as  they  pass  under  them,  there  is  the  phenomenon  of 
high  water.  Hence  it  is  that  in  all  places  there  are  two  tides 
daily,  having  an  interval  of  about  twelve  hours  between  them. 
Now,  if  the  common  notion  of  the  cause  of  the  tides  were  well 
founded,  there  would  be  only  one  tide  daily  —  viz.,  that  which 
would  take  place  when  the  moon  is  at  or  near  the  meridian. 

220.  Tbe  moon's  attraction  alone  will  not  explain  tbe  tides. 
—  That  the  moon's  attraction  upon  the  earth  simply  considered 
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would  not  explain  the  tides  is  easily  showiL  Let  ns  suppose  that 
tli6  whole  maas  of  nuitter  on  the  earth,  induding  the  waters 
wtich  partially  cover  it,  were  attracted  equally  by  the  moon ;  they 
would  then  be  equally  drawn  toward  that  body,  and  no  reason 
would  exist  why  they  should  be  heaped  up  under  the  moon ;  for 
if  they  were  drawn  with  the  same  forea  as  that  with  which  the 
solid  globe  of  the  earth  under  them  is  drawn,  there  would  be  no 
xeoaon  for  supposing  that  the  waters  would  have  a  greater  tendency 
to  collect  toward  the  moon  than  the  solid  bottom  of  the  ocean  on 
which  they  rest  In  short,  the  whole  mass  of  the  earth,  solid  and 
fluid,  being  drawn  with  the  same  force,  would  ei^ually  tend  toward 
the  moon ;  and  its  parts,  whether  solid  or  fluid,  would  pi«serve 
tunong  themselves  the  same  relative  position  as  if  they  were  not 
attracted  at  aU. 

2ZI.  Tides  GBnaea  bj  tbe  dUtorence  of  tlM  nttrB«tloii*  on 
dmsrent  part*  oi  tfao  MUth  —  When  we  observe,  however,  in  a 
mass  composed  of  various  particles  of  matter,  that  the  relative 
arrangement  of  these  partides  is  disturbed,  some  being  driven  in 
certain  directians  more  than  others,  the  inference  is,  that  the  com- 
ponent parts  of  such  a  miass  must  be  placed  under  the  operation  of 
difieient  forces :  those  which  tend  more  than  others  in  a  certain 
direction  being  driven  with  a  proportionally  greater  force.  Such 
is  the  case  wiUi  the  earth,  placed  onder  the  attraction  of  the  moon. 
And  this  is,  in  fact,  what  must  happen  under  the  operation  of  an 
attractive  force  like  that  of  gravitation,  which  diminishes  in  its 
intensity  as  the  square  of  the  distance  increases. 

Let  A,  B,  c,  D,  E,  T,  o,  a,  fig.  52,  represent  the  globe  of  the 
earth,  and,  to  simpliiy  the  explanation,  let  us  flrst  suppose  the 
entire  surface  of  the  globe  to  be  covered  with  water.  Let  m,  the 
moon,  be  placed  at  the  distance  tljl  from  the  nearest  point  of  the 


mrftce  of  the  earth.  Now  it  will  be  apparent  that  the  various 
points  of  the  earth's  surface  are  at  different  distances  from  the 
moon  u.    A  and  a  are  more  remote  than  H :  b  and  s  still  more  re- 
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mote ;  c  and  e  more  distant  again,  and  d  more  remote  than  all.  The 
attraction  which  the  moon  exercises  at  H  is,  therefore,  greater  than 
that  which  it  exercises  at  A  and  &,  and  still  greater  than  that 
which  it  produces  at  B  and  ¥ ;  and  the  attraction  which  it  exercises 
at  D  is  least  of  all.  Now  this  attraction  equally  affects  matter  in 
every  state  and  condition.  It  affects  the  particles  of  fluid  as  well 
as  solid  matter ;  but  there  is  this  difference,  that  wjiiere  it  acts 
upon  solid  matter,  the  component  parts  of  which  are  at  different 
distances  from  it,  and  therefore  subject  to  different  attractions,  it 
will  not  disturb  the  relative  arrangement,  since  such  disturbances 
or  disarrangements  are  prevented  by  the  cohesion  which  character- 
ises a  solid  body ;  but  this  is  not  the  case  with  fluids,  the  particles 
of  which  are -mobile. 

The  attraction  which  the  moon  exercises  upon  the  shell  of 
water,  which  is  collected  inmiediately  under  it  near  the  point  z, 
is  greater  than  that  which  it  exercises  upon  the  solid  mass  of 
the  globe  j  consequently  there  wiU  be  a  greater  tendency  of  this 
attraction  to  draw  the  fluid  which  rests  upon  the  smface  at  H 
toward  the  moon,  than  to  draw  the  solid  mass  of  the  earth  which 
is  more  distant. 

As  the  fluid,  by  its  nature,  is  free  to  obey  this  excess  of  attrac- 
tion, it  will  necessarily  heap  itself  up  in  a  pile  or  wave  over  h, 
forming  a  convex  protuberance,  as  represented  between  r  and  i. 
Thus  high  water  will  take  place  at  H,  immediately  imder  the 
moon.  The  water  which  thus  collects  at  H  will  necessarily  flow 
from  the  regions  B  and  F,  where  therefore  there  wiU  be  a  diminished 
quantity  in  the  same  proportion. 

But  let  us  now  consider  what  happens  to  that  part  of  the  earth 
D.  Here  the  waters,  being  more  remote  &om  the  moon  than  the 
solid  mass  of  the  earth  under  them,  will  be  less  attracted,  and 
consequently  will  have  a  less  tendency  to  gravitate  toward  the 
moon.  The  solid  mass  of  the  earth,  d  h,  will,  as  it  were,  recede 
from  the  waters  at  «,  in  virtue  of  the  excess  of  attraction,  leaving 
these  waters  behind  it,  which  will  thus  be  heaped  up  at  n,  so  as  to 
form  a  convex  protuberance  between  /  and  k,  similar  exactly  to 
that  which  we  have  already  described  between  r  and  ».  As  the 
difference  between  the  attraction  of  the  moon  on  the  waters  at  z 
and  the  solid  earth  under  the  waters  is  nearly  the  same  as  the 
difference  between  its  attraction  on  the  latter  and  upon  the  waters 
at  n,  it  follows  that  the  height  of  the  fluid  protuberances  at  z  and 
n  are  equal.  In  other  words,  the  height  of  the  tides  on  opposite 
sides  of  the  earth,  the  one  being  under  the  moon  and  the  other 
most  remote  from  it  are  equal. 

It  appears,  therefore,  that  the  cause  of  the  tides,  so  far  as  the 
action  of  the  moon  is  concerned,  is  not,  as  is  vul^ly  supposed, 
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the  mere  attraction  of  the  moon ;  since;  if  that  attraction  were 
equal  on  all  the  component  parts  of  the  earthy  there  would  assuredly 
be  no  tides.  We  are  to  look  for  the  cause^  not  in  the  attraction  of 
the  moon^  but  in  the  inegtudUy  of  its  attraction  on  different  parts 
of  the  earth.  The  greater  this  inequality  is^  the  greater  will  be 
the  tides.  Hence^  as  the  moon  is  subject  to  a  slight  variation  of 
distance  &oin  the  earthy  it  will  follow^  that  when  it  is  at  its  least 
distance^  or  at  the  point  called  j9«?*^e«;  the  tides  wiU  be  greatest ; 
and  when  it  is  at  the  greatest  distance,  or  at  the  point  called 
apogee^  the  tides  will  be  least ;  not  because  the  entire  attraction  of 
iJie  moon  in  the  former  case  is  greater  than  in  the  latter,  but  be- 
cause the  diameter  of  the  globe  bearing  a  greater  proportion  to  the 
lesser  distance  than  the  greater,  there  will  be  a  greater  inequaliiy 
of  attraction. 

222.  BiliBots  of  sun's  attraotton. — It  wiQ  occur  to  those  who 
bestow  on  these  observations  a  little  reflection,  that  all  which  we 
have  stated  in  reference  to  the  efiects  produced  by  the  attraction  of 
the  moon  upon  the  earth,  will  also  be  applicable  to  the  attraction 
of  the  sun.  This  is  undoubtedly  true )  but  in  the  case  of  the  sun 
the  efiects  are  modified  in  some  very  important  respects.  The  sun 
is  at  400  times  a  greater  distance  than  the  moon,  and  the  actual 
amount  of  its  attraction  on  the  earth  would,  on  that  account,  be 
160,000  times  less  than  that  of  the  moon;  but  the  mass  of  the 
sun  exceeds  that  of  the  moon  in  a  much  greater  ratio  than  that  of 
1 60,000  to  I .  It  therefore  possesses  a  much  greater  attracting 
power  in  virtue  of  its  mass,  compared  with  the  moon,  than  it  loses 
by  its  greater  distance.  It  exercises,  therefore,  upon  the  earth  an 
attraction  enormously  greater  than  the  moon  exercises.  Now,  if 
the  simple  amount  of  its  attraction  were,  as  is  commonly  sup- 
posed, the  cause  of  the  tides,  the  sun  ought  to  produce  a  vastiy 
greater  tide  than  the  moon.  The  reverse  is,  however,  the  case, 
and  the  cause  is  easily  explained.  Let  it  be  remembered  that 
the  tides  are  due  solely  to  the  inequality  of  the  attraction  on 
difierent  sides  of  the  earth,  and  the  greater  that  inequality  is,  the 
greater  will  be  the  tides,  and  the  less  that  inequality  is,  the  less 
will  be  the  tides. 

In  the  case  of  the  sun,  the  total  distance  is  1 2,000  diameters  of 
the  earth,  and  consequently  the  difierence  between  its  distances 
from  the  one  side  and  the  other  of  the  earth  will  be  only  the 
1 2,000th  part  of  the  whole  distance,  while  in  the  case  of  the  moon, 
the  total  distance  being  only  30  diameters  of  the  earth,  the  difier- 
ence of  the  distances  from  one  side  and  the  other  is  the  30th  part 
of  the  whole  distance.  The  inequality  of  the  atti'action,  upon  which 
alone,  and  not  on  its  whole  amount,  the  production  of  the  tidal 
wave  depends^  is  therefore  much  greater  in  the  case  of  the  moon^ 
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According  to  Newton's  calculation,  the  tidal  wave  due  to  the  moon 
is  greater  in  height  than  that  due  to  the  sun  in  the  ratio  of  58  to 
23,  or  2^  to  I  very  nearly. 

223.  Cause  of  sprtnff  and  neap  tides. — There  is,  therefore,  a 
solar  as  well  as  a  lunar  tide  wave,  the  former  being  much  less 
elevated  than  the  latter,  and  each  following  the  luminary  from 
which  it  takes  its  name.  When  the  sun  and  moon,  therefore,  are 
either  on  the  same  side  of  the  earth,  or  on  the  opposite  sides  of  the 
earth — in  other  words,  when  it  is  new  or  full  moon — their  effects 
in  producing  tides  are  combined,  and  the  spring  tide  is  produced, 
the  height  of  wiiich  is  equal  to  the  solar  and  lunar  tides  taken 
together. 

On  the  other  hand,  when  the  sun  and  moon  are  separated  from 
each  other  by  a  distance  of  one  fourth  of  the  heavens,  that  is, 
when  the  moon  is  in  the  quarters,  the  effect  of  the  solar  tide  has  a 
tendency  to  diminish  that  of  the  lunar  tide. 

The  tides  produced  by  the  combination  of  the  lunar  and  solar  tide 
waves  at  the  time  of  new  and  full  moon  are  called  spbing  tides  ; 
and  those  produced  by  the  lunar  wave  diminished  by  the  effect  of 
the  solar  wave  at  the  quarters  are  palled  neap  tides. 

224.  iXTbyflie  tides  are  not  prodaoed  dlreotly  under  tlie 
moon.  —  K  physical  effects  followed  inmiediately  without  any 
appreciable  interval  of  time  the  operation  of  their  causes,  then  the 
tidal  wave  produced  by  the  moon  would  be  on  the  meridian  of  the 
earth  directly  under  and  opposite  to  that  luminary  ;  and  the  same 
would  be  true  of  the  solar  tides.  But  the  waters  of  the  globe  have 
in  common  with  all  other  matter,  the  property  of  inertia,  and  it 
takes  a  certain  interval  of  time,  to  impress  upon  them  a  certain 
change  of  position.  Hence  it  follows  that  the  tidal  wave  produced 
by  the  moon  is  not  formed  immediately  under  that  body,  but  follows 
it  at  a  certain  distance.  In  consequence  of  this,  the  tide  raised  by 
the  moon  does  not  take  place  for  two  or  three  hours  after  the  moon 
passes  the  meridian ;  and  as  the  action  of  the  sun  is  still  more  feeble, 
there  is  a  still  greater  interval  between  the  transit  of  the  sun  and 
occurrence  of  the  solar  tide. 

22^.  Prlmlngr  and  laffffluflr  of  tbe  tides. — But  besides  these 
circumstances,  the  tide  is  affected  by  other  causes.  It  is  not  to  the 
separate  effect  of  either  of  these  bodies,  but  to  the  combined  effect 
of  both,  that  the  effects  are  due ;  and  at  every  period  of  the  month, 
the  time  of  actual  high  water  is  either  acc^erated  or  retarded  by 
the  sun.  In  the  first  and  third  quarters  of  the  moon,  the  solar  tide 
is  westward  of  the  lunar  one ;  and,  consequentiy,  the  actual  high 
water,  which  is  the  result  of  the  combination  of  tiie  two  waves,  will 
be  to  the  westward  of  the  place  it  would  have  if  the  moon  acted 
alone;  and  the  time  of  high  water  will  therefore  be  accelerated.    In 
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the  second  and  fourtli  quarters  the  general  effect  of  the  sun  is^  for 
a  similar  reason^  to  produce  a  retardation  in  the  time  of  high  water. 
This  effect^  produced  by  the  sun  and  moon  combined,  is  what  is 
commonly  called  the  priming  and  lagging  of  the  tides.  The  highest 
spring  tides  occur  when  the  moon  passes  the  meridian  about  an 
hour  after  the  sun )  for  then  the  maximum  effect  of  the  two  bodies 
coincides. 

226.  Researolies  of  "Wliewell  and  &a1>1>ook. — The  subject  of 
the  tides  has  of  late  years  received  much  attention  &om  several 
scientific  investigators  in  Europe.  The  discussions  held  at  the  an- 
nual meetings  of  the  British  Association  for  the  Advancement  of 
Science,  on  tiiis  subject,  have  led  to  the  development  of  much  useful 
information.  The  laboursof  Professor  Whewell  have  been  especially 
valuable  on  these  questions.  Sir  John  Lubbock  has  also  published 
a  valuable  treatise  upon  it.  To  trace  the  results  of  these  investi- 
gations in  all  the  details  which  would  render  them  clear  and  intel- 
ligible, would  greatly  transcend  the  necessary  limits  of  this  volume. 
We  shall,  however,  briefly  advert  to  a  few  of  the  most  remarkable 
points  connected  with  these  questions. 

227.  Vulgrar  and  oorreoted  estaMlsliment. — The  apparent 
time  of  high  water  at  any  port  in  the  afternoon  of  the  day  of  new 
or  full  moon,  is  what  is  usually  ciilled  the  edahlishment  of  the  port, 
'Professor  Whewell  calls  this  the  vulgar  establishment,  and  he 
calls  the  corrected  establishment  the  mean  of  all  the  intervals  of  the 
tides  and  transit  of  half  a  month.  This  corrected  establishment  is 
consequently  the  luni-tidal  interval  corresponding  to  the  day  on 
which  the  moon  passes  the  meridian  at  noon  or  midnight. 

228.  BInmal  Inequality. — The  two  tides  immediately  follow- 
ing one  another,  or  tlie  tides  of  the  day  and  night,  vary,  both  in 
height  and  time  of  high  water  at  any  particular  place,  with  the  dis- 
tance of  the  sun  and  moon  from  the  equator.  As  the  vertex  of  the 
tide  wave  always  tends  to  place  itself  vertically  under  the  luminary 
which  produces  it,  it  is  evident  that  of  two  consecutive  tides,  that 
which  happens  when  the  moon  is  nearest  the  zenith  or  nadir  will  be 
gi'eater  than  the  other ;  and,  consequently,  when  the  moon's  decli- 
nation is  of  the  same  denomination  as  the  latitude  of  the  place,  the 
tide  which  corresponds  to  the  upper  transit  will  be  greater  than 
the  opposite  one,  and  vice  versd,  the  difference  being  greatest  when 
the  sun  and  moon  axe  in  opposition,  and  in  opposite  tropics.  This 
is  called  the  ditjknal  inequalitt,  because  its  cycle  is  one  day ; 
but  it  varies  greatly  at  different  places,  and  its  laws,  which  ap- 
pear to  be  governed  by  local  circumstances,  are  very  imperfectly 
known. 

229.  &ocal  effoots  of  fbe  land  apon  fbe  tides. — We  have 
now  described  the  principal  phenomena  that  would  take  place  were 
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the  earth  a  sphere,  and  covered  entirely  with  a  fluid  of  uniform 
depth.  But  the  actual  phenomena  of  the  tides  are  infinitely  more 
complicated.  From  the  interruption  of  the  land,  and  the  irregular 
form  and  depth  of  the  ocean,  combined  with  many  other  disturbing 
circumstances,  among  which  are  the  inertia  of  the  waters,  the 
friction  on  the  bottom  and  sides,  the  narrowness  and  length  of  the 
channels,  the  action  of  the  wind,  currents,  difference  of  atmospheric 
pressure,  &c.  &c.,  great  variation  takes  place  in  the  mean  times  and 
heights  of  high  water  at  places  differently  situated. 

230.  Velocity  of  tidal  wave. — In  the  open  ocean  the  crest 
of  tide  travels  with  enormous  velocity.  If  the  whole  surface  were 
uniformly  covered  with  water,  the  summit  of  the  tide  wave,  being 
mainly  governed  by  the  moon,  would  everywhere  follow  the  moon's 
transit  at  the  saiiie  interval  of  time,  and  consequently  travel  round 
the  eailih  in  a  little  more  than  twenty-four  hours.  But  the  cir- 
cumference of  the  earth  at  the  equator  being  about  25,000  miles, 
the  velocity  of  propagation  would  therefore  be  about  1,000  miles 
per  hour.  The  actual  velocity  is,  perhaps,  nowhere  equal  to  this, 
and  is  very  different  at  different  places.  In  latitude  60°  south, 
where  there  is  no  interruption  firom  land  (excepting  the  narrow 
promontory  of  Patagonia),  the  tide  wave  will  complete  a  revolution 
in  a  lunar  day,  and  consequently  travel  at  the  rate  of  670  miles  an 
hour.  On  examining  Dr.  WheweU's  map  of  cotidal  lines,  it  will 
be  seen  that  the  great  tide  wave  from  the  Southern  Ocean  travels 
from  the  Cape  of  Good  Hope  to  the  Azores  in  about  twelve  hours, 
and  from  the  Azores  to  the  southernmost  part  of  Ireland  in  about 
three  hours  more.  In  the  Atlantic,  the  hourly  velocity  in  some 
cases  appears  to  be  10®  latitude,  or  near  700  miles,  which  is  almost 
equal  to  the  velocity  of  sound  through  the  air.  From  the  south 
point  of  Ireland  to  the  north  point  of  Scotland,  the  time  is  eight 
hours,  and  the  velocity  about  1 60  miles  an  hour  along  the  shore.  On 
the  eastern  coast  of  Britain,  and  in  shallower  water,  the  velocity  is 
less.  From  Buchanness  to  Sunderland  it  is  about  60  miles  an  hour  j 
from  Scarborough  to  Cromer,  3  5  miles ;  from  the  North  Foreland  to 
London,  30  miles ;  from  London  to  Kichmond  1 3  miles  an  hour  in 
that  part  of  the  river.  (Whewell,  PA»7.  Tram,  1833,  1836.)  It  is 
scarcely  necessary  to  remind  the  reader  that  the  above  velocities 
refer  to  the  transmission  of  the  undulation,  and  are  entirely  dif- 
ferent from  the  velocity  of  the  current  to  which  the  tide  gives 
rise  in  shallow  water. 

231.  Rangre  of  tbe  tides. — The  difference  of  level  between 
high  and  low  water  is  affected  by  various  causes,  but  chiefly  by  the 
configuration  of  the  land,  and  is  very  different  at  different  places. 
In  deep  inbends  of  the  shore,  open  in  the  direction  of  the  tide  wave 
and  gradually  contracting  like  a  funnel,  the  convergence  of  water 
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causes  a  very  great  increase  of  the  range.  Hence  the  very  high 
tides  in  the  Bristol  Channel^  the  Bay  of  St.  Malo,  and  the  Bay  of 
Fundy,  where  the  tide  is  said  to  rise  sometimes  to  the  height  of  one 
hundred  feet.  Promontories^  under  certain  circumstances,  exert  an 
opposite  influence^  and  diminish  the  magnitude  of  the  tide.  The 
observed  ranges  are  also  very  anomalous.  At  certain  places  on  the 
south-east  coast  of  Ireland,  the  range  is  not  more  than  three  feet^ 
while  at  a  little  distance  on  each  side  it  becomes  twelve  or  thirteen 
feet;  and  it  is  remarkable  that  these  low  tides  occur  directly 
opposite  the  Bristol  Channel  where  (at  Chepstow)  the  difference 
between  high  and  low  water  amounts  to  sixty  feet.  In  the  middle 
of  the  Pacific  it  amounts  to  only  two  or  three  feet.  At  the  London 
Docks,  the  average  range  is  about  22  feet;  at  Liverpool,  15*5 
feet ;  at  Portsmouth,  1 2*5 ;  at  Plymouth,  also  12*5;  at  Bristol,  33 
feet. 

232.  Tides  alfeoted  1>y  fbe  atmospliere. — Besides  the  nu- 
merous causes  of  irregularity  depending  on  the  local  circumstances, 
the  tides  are  also  affected  by  the  state  of  the  atmosphere.  At  Brest, 
the  height  of  high  water  varies  inversely  as  the  height  of  the 
barometer,  and  rises  more  than  eight  inches  for  a  fall  of  about  half 
an  inch  of  the  barometer.  At  Liverpool,  a  fall  of  one-tenth  of  an 
inch  in  the  barometer  corresponds  to  a  rise  in  the  river  Mersey  of 
about  an  inch;  and  at  the  London  Docks,  a  fall  of  one-tenth  of  an 
inch  corresponds  to  a  rise  in  the  Thames  of  about  seven-tenths  of 
an  inch.  With  a  low  barometer,  therefore,  the  tide  may  be  expected 
to  be  high^  and  vtceversd.  The  tide  is  also  liable  to  be  disturbed 
by  winds.  Sir  John  Lubbock  states  that,  in  the  violent  hurricane 
on  the  8th  of  January,  1839,  there  was  no  tide  at  Gainsborough, 
which  is  twenty-five  miles  up  the  Trent — a  circumstance  unknown 
before.  At  Saltmarsh,  only  five  miles  up  the  Ouse  from  the 
Humber,  the  tide  went  on  ebbing,  and  never  flowed  until  the  river 
was  dry  in  some  places ;  while  at  Ostend,  towards  which  the  wind 
was  blowing,  contrary  effects  were  observed.  During  strong  north- 
westerly gales,  the  tide  marks  high  water  earlier  in  the  Thames 
than  otiierwise,  and  does  not  give  so  much  water,  while  the  ebb 
tide  runs  out  late,  and  marks  lower ;  but  upon  the  gales  abating 
and  weather  moderating,  the  tides  put  in  and  rise  much  higher, 
while  they  also  run  longer  before  high  water  is  marked,  and  with 
more  velocity  of  current :  nor  do  they  run  out  so  long  or  so  low. 

233.  Tbe  trade  winds. — The  great  atmospheric  currents  thus 
denominated,  from  the  advantages  which  navigation  has  derived 
from  them,  as  well  as  other  currents  arising  from  the  same  causes, 
are  produced  by  the  unequal  exposure  of  the  atmospheric  ocean, 
which  coats  the  terrestrial  globe,  to  the  action  of  solar  heat;  the 
expansion  and  contraction  that  air,  in  common  with  all  gaseous 
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bodies,  suffers  from  increase  and  diminution  of  temperature ',  the 
tendency  which  lighter  fluids  have  to  rise  through  heavier ;  and, 
lastly,  the  rotation  of  the  earth  upon  its  axis. 

The  regions  in  which  the  ibaj)£S  prevail  are  two  great  tropical 
belts  extending  through  a  certain  limited  number  of  degrees  north 
and  south  of  the  line,  but  not  prevailing  on  the  line  itself,  the 
atmospherical  character  of  which  is  an  almost  constant  calm.  The 
permanent  currents  blow  in  the  northern  tropical  belt  from  the 
north-east,  and  in  tiie  southern  from  the  south-east. 

On  the  other  hand,  in  the  higher  latitudes  of  both  hemispheres 
the  prevalent  atmospheric  currents  are  directed  from  west  to  east, 
redressing,  as  it  were,  the  disturbance  produced  by  the  trades. 

To  understand  the  cause  of  these  phenomena,  it  is  necessaiy  to 
remember  that  the  sun,  never  departing  more  than  23  J°  from  the 
celestial  equator,  is  vertical  daily  to  different  points  around  the 
tropical  regions,  the  rotation  of  the  earth  bringing  these  points 
successively  under  his  disk.  The  sun,  at  noon,  for  places  situated 
on  the  equator,  is  never  so  much  as  2  3  J®  from  the  zenith,  while  the 
extreme  zenith  distance  of  the  sun  at  noon,  for  places  within  the 
tropics,  can  never  exceed  47°.  The  intertropical  zone  from  these 
causes  becomes  much  more  intensely  heated  upon  its  surface, 
than  the  parts  of  either  hemisphere  at  higher  latitudes.  This 
heat,  reflected  and  radiated  upon  the  incumbent  atmosphere, 
causes  it  to  expand  and  become  specifically  lighter,  and  it  ascends 
as  smoke  and  heated  air  do  in  a  chimney.  The  space  it  deserts 
is  filled  by  colder  and  therefore  heavier  air,  which  rushes 
in  from  the  higher  parts  of  either  hemisphere;  while  the  air  thus 
displaced,  raised  by  its  buoyancy  above  its  due  level,  and  un- 
sustained  by  any  lateral  pressure,  flows  down  towards  either  pole, 
and,  being  cooled  in  its  course  and  rendered  heavier,  it  descends  to 
the  surface  of  the  globe  at  those  upper  latitudes  %)m  which  the 
air  had  been  sucked  in  towards  the  line  by  its  previous  ascent. 

A  constant  circulation  and  an  interchange  of  atmosphere  between 
the  intertropical  and  extratropical  regions  of  the  earth  would  thus 
take  place,  the  air  ascending  from  the  intertropical  surface  and 
then  flowing  towards  the  extratropical  regions,  where  it  descends  to 
the  surface  to  be  again  sucked  towards  the  line. 

But  in  this  view  of  the  effects,  the  rotation  of  the  earth  on  its 
axis  is  not  considered.  In  that  rotation  the  atmosphere  participates. 
The  air  whjch  rises  from  the  intertropical  surfaces  carries  with  it 
the  velocity  of  that  surface,  which  is  at  the  rate  of  about  1000 
miles  an  hoiur  from  west  to  east.  This  velocity  it  retains  to  a 
considerable  extent  after  it  has  passed  to  the  higher  latitudes  aad 
descended  to  the  surface,  which  moving  with  much  less  velocity  from 
west  to  east,  there  is  an  effective  current  produced  in  that  direction^ 
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equivalent  to  the  excess  of  the  eastward  motion  of  the  air  over  the 
eastward  motion  of  the  surface  of  the  earth.  Hence  arises  the 
prevalent  westward  winds,  especially  at  sea,  where  causes  of 
local  disturbance  are  not  frequent,  which  are  so  familiar,  and  one 
of  the  effects  of  which  has  been,  that,  while  the  average  length  of 
the  trip  of  good  sailing  vessels  from  New  York  to  Liverpool  has 
been  only  twenty  days,  that  of  the  trip  from  Liverpool  to  New  York 
has  been  thirty-five  days. 

By  the  friction  of  the  earth,  and  other  causes,  the  air,  however, 
next  the  surfiEU^e,  at  length  acquires  a  conmion  velocity  with  it,  and 
when  it  is,  as  above  described,  sucked  towards  the  line  to  fill  the 
vacuum  produced  by  the  air  drawn  upwards  by  the  solar  heat,  it 
carries  with  it  the  motion  from  west  to  east  which  it  had,  in  conmion 
with  the  surface,  at  the  higher  latitudes.  But  the  surface  at  the 
line  has  a  much  greater  velocity  than  this  from  west  to  east.  The 
surface,  therefore,  and  all  objects  upon  it,  are  carried  against  the 
air  with  the  relative  velocity  of  the  surface  and  the  air,  that  is  to  say, 
with  the  effect  of  the  difference  of  their  velocities.  Since  the 
Surface,  and  the  objects  upon  it,  are  carried  eastward  at  a  much  less 
rate  than  the  air  which  has  just  descended  from  the  higher  latitudes, 
they  will  strike  against  the  air  with  a  force  proportional  to  the  dif- 
ference of  their  velocities,  and  this  force  will  have  a  direction  con- 
trary to  that  of  the  motion  of  the  surface,  that  is  to  say,  from  east 
to  west. 

But  it  must  be  considered  that  this  eastward  force,  due  to  the 
motion  of  the  earth's  surface,  is  combined  with  the  force  with  which 
the  air  moves  from  the  extratropical  regions  towards  the  line. 
Thus,  in  the  northern  hemisphere,  the  force  eastward  is  combined 
with  the  motion  of  the  air  from  north  to  south,  and  the  resultant 
of  these  forces  is  that  north-east  current  which  actually  prevails  ; 
while,  for  like  reasons,  south  of  the  line,  the  motion  of  the  air  from 
south  to  north,  being  combined  with  the  force  eastward,  produces 
the  south-eastern  current  which  prevails  south  of  the  line. 

Were  any  considerable  mass  of  air,  as  Sir  J.  Herschel  observes, 
to  be  suddenly  transferred  from  beyond  the  tropics  to  the  equator, 
the  difference  of  the  rotatory  velocities  proper  to  the  two  situations 
would  be  so  great,  as  to  produce,  not  merely  a  wind,  but  a  tempest 
of  the  most  destructive  violence  j  and  the  same  observation  would 
be  equally  applicable  to  masses  of  air  transported  in  the  contrary 
direction.  But  this  is  not  the  case;  the  advance  of  the  air  is  gradual, 
and  all  the  while  the  earth  is  continually  actrag  on  the  air,  and  by 
the  friction  of  its  surface  accelerating  or  retarding  its  velocity. 
Supposing  its  progress  to  cease  at  any  point,  this  cause  would  almost 
immediately  communicate  to  it  the  deficient,  or  deprive  it  of  the 
excessive  motion  of  rotation,  after  which  it  would  revolve  quietly 
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with  the  earth  and  be  at  relative  rest.  We  have  only  to  call  to 
mind  the  comparative  thinness  of  the  coating  of  air  with  which  the 
globe  is  invested  (62)  and  its  immense  mass^  exceeding^  as  it  does 
the  weight  of  the  atmosphere  at  least  1 00,000,000  times,  to  appre- 
ciate the  absolute  command  of  any  extent  of  territory  of  the  earth 
over  the  atmosphere  inmiediately  incumbent  upon  it. 

It  appears,  therefore,  that  these  currents,  as  they  approach  the 
equator  on  the  one  side  and  the  other,  must  gradually  lose  their 
force ;  their  exciting  cause  being  the  difference  of  the  magnitude  of 
the  parallels  of  latitude ;  and  this  difference  being  evanescent  near 
the  line,  and  very  inconsiderable  within  many  degrees  of  it,  the 
equalising  force  of  the  earth  above  described  is  allowed  to  take  full 
effect :  but,  besides  this,  the  currents  directed  from  the  two  poles 
encounter  each  other  at  the  line,  and  destroy  each  other's  force. 
Hence  arises  the  prevalence  of  those  calms  which  characterise  the 
line. 


CHAPTER  Xn. 


THE  SUV. 


234.  Apparent  and  real  maffnltade. — Owing  to  the  ellipti- 
city  of  the  earth's  orbit,  the  distance  of  the  sun  is  subject  to  a  peri- 
odical variation,  which  causes,  as  has  been  already  explained,  a 
corresponding  variation  in  its  apparent  magnitude.  Its  greatest 
apparent  diameter,  when  in  perihelion,  is  32'  36'''4,  or  I956'^*4, 
and  its  least  apparent  magnitude,  when  in  aphelion,  is  31'  32'',  or 
1 892".    Its  mean  apparent  diameter  is  therefore  I924"*2. 

The  real  magnitude  of  the  sim  may  be  easily  inferred  in  round 
numbers  &om  that  of  the  moon.  The  apparent  diameter  of  the 
moon  being  equal  in  round  numbers  to  that  of  the  sim,  and  the 
distance  of  the  sun  being  400  times  greater  than  that  of  the  moon, 
it  follows  that  the  real  diameter  of  the  sun  must  be  400  times 
greater  than  that  of  the  moon.  It  must,  therefore,  be  on  this 
supposition  861,200  miles.  By  methods  of  calculation  sus- 
ceptible of  closer  approximation  than  this,  it  has  been  found  that 
the  magnitude  is  882,000  miles,  or  iii^  times  the  diameter  of 
the  jearth. 

The  linear  value  of  i''  at  the  distance  of  the  sun,  is  466  miles. 

235.  Magrnltnde  of  fbe  san  lllastrated.  —  Magnitudes  such  as 
that  of  the  sun  so  far  transcend  all  standards  with  which  the  mind 
is  familiar,  that  some  stretch  of  imagination,  and  some  effort  of 
the  understanding,  are  necessary  to  form  a  conception,  however 
imperfect,  of  them.  The  expedient  which  best  serves  to  obtain 
some  adequate  idea  of  them  is,  to  compare  them  with  some 
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standard,  stupendous  by  comparison  with  all  ordinary  magnitudes^ 
yet  minute  when  compared  with  them. 

The  earth  itself  is  a  globe  nearly  8000  miles  in  diameter.  K  the 
smi  be  represented  by  a  globe  nine  feet  four  inches  in  diameter,  the 
earth  would  be  represented  by  a  globe  an  inch  in  diameter.  If  the 
orbit  of  the  moon,  which  measures  474,000  miles  in  diameter, 
were  filled  by  a  sun^  such  a  sun  might  be  placed  within  the  actual 
sun^  leaving  between  their  surfaces  a  distance  of  200,000  miles. 
Sudi  a  sun,  seen  from  the  earthy  would  have  an  apparent  diameter 
little  more  than  half  the  diameter  of  the  actual  sun. 

236.  Sarftaee  and  Tolume.  —  Since  the  surfaces  of  globes  are 
as  the  squares,  and  their  volumes  as  the  cubes,  of  their  diameters, 
it  follows  that  the  surface  of  the  sun  must  be  12,500  times,  and 
its  volume  i,40C),ooo  times,  greater  than  those  of  the  earth. 

Thus,  to  form  a  globe  like  the  sun  it  would  be  necessary  to 
roll  nearly  fourteen  hundred  thousand  globes  like  the  earth  into 
one. 

It  is  found,  by  considering  the  bulks  of  the  different  planets, 
that  if  all  the  planets  and  satellites  in  the  solar  system  were 
moulded  into  a  single  globe,  that  globe  would  still  not  exceed  the 
five-hundredth  part  of  the  globe  of  the  sun :  in  other  words,  the 
bulk  of  the  sun  is  five  hundred  times  greater  than  the  aggregate 
bulk  of  all  the  rest  of  the  bodies  of  the  system. 

237.  ZU  mam  and  density.  —  By  methods  of  calculation 
and  observation^  which  wiQ  be  explained  hereafter,  the  ratio  of 
the  mass  of  matter  composing  the  globe  of  the  sun,  to  the  mass 
of  matter  composmg  the  earth,  has  been  ascertained  to  be  354,936 
to  I. 

By  comparing  this  proportion  of  the  quantities  of  ponderable 
matter  in  the  sun  and  earth  with  their  relative  volumes,  it  will 
be  evident  that  the  mean  density  of  the  matter  composing  the 
sun  must  be  about  four  times  less  than  the  mean  density  of  the 
matter  composing  the  earth;  for  although  the  volume  of  the 
sun  exceeds  that  of  the  earth  in  the  ratio  of  1,400,000  to  i,  its 
weight  or  mass  exceeds  that  of  the  earth  in  the  lesser  ratio  of 
355,ood  to  I,  the  latter  ratio  being  four  times  less  than  the 
former.  Bulk  for  bulk,  therefore,  the  sun  is  four  times  lighter  than 
the  earth. 

Since  the  mean  density  of  the  earth  from  Mr.  Baily's  determina- 
tion is  5*67  times  that  of  water  (80),  it  follows  that  the  mean 
density  of  the  sun  is  i  '42  times,  or  about  one  half,  greater  than 
that  of  water.  This  value  would  be  increased  to  i  '64  using  the 
mean  density  of  the  earth  6*57,  as  obtained  from  the  Harton  pen- 
dulum experiments  (81). 

From  the  comparative  lightness  of  the  matter  composing  it^ 
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Herschel  infers  the  probability  that  an  intense  heat  prevails  in 
its  interior;  by  which  its  elasticity  is  reinforced,  and  rendered 
capable  of  resisting  the  almost  inconceiyable  pressure  due  to 
its  intrinsic  grayitation,  without  collapsing  into  smaller  dimen- 
sions. 

238.  Vorm  and  rotatton  —  mxis  of  rotatloii.  —  Although  to 
minds  unaccustomed  to  the  rigour  of  scientific  research;  it  might 
appear  sufficiently  eyident;  without  further  demonstration,  tibat 
the  sun  is  globular  in  its  form,  yet  the  more  exact  methods  pur- 
sued in  the  investigation  oi  physics  demand  that  we  should  find 
more  conclusive  proof  of  the  sphericity  of  the  solar  orb  than  the 
mere  fact  that  the  disk  of  the  sun  is  always  circular.  It  is  barely 
possible,  however,  improbable,  that  a  flat  circular  disk  of  matter, 
the  face  of  which  shculd  always  be  presented  to  the  earth,  might 
be  the  form  of  the  sun;  and  indeed  there  are  a  great  variety 
of  other  forms  which,  by  a  particular  arrangement  of  their  mo- 
tions, might  present  to  the  eye  a  circular  appearance  as  weU  as 
a  globe  or  sphere.  To  prove,  then,  that  a  body  is  globular,  some- 
thing more  is  necessary  than  the  mere  fact  that  it  always  appears 
circular. 

When  a  telescope  is  directed  to  the  sun,  we  discover  upon  it 
certain  marks  or  spots,  of  which  we  shall  speak  more  fully  pre- 
sentiy.  We  observe  that  these  marks,  while  they  preserve  the 
same  relative  position  with  respect  to  each  other,  move  regularly 
from  one  side  of  the  sun  to  the  other.  They  disappear,  and  con- 
tinue to  be  invisible  for  a  certain  time,  come  into  view  again  on 
the  other  side,  and  so  once  more  pass  over  the  sun's  disk.  This  is 
an  effect  which  would  evidentiy  be  produced  by  marks  on  the 
surface  of  a  globe,  the  globe  itself  revolving  on  an  axis,  and 
carrying  these  marks  upon  it.  That  this  is  the  case,  is  abun- 
dantly proved  by  the  fact  that  the  periods  of  rotation  for  all  these 
marks  are  found  to  be  exactiy  the  same,  viz.  about  twenty-five 
days  and  a  quarter,  or  more  exactiy  25**  7**  48°*.  Such  is,  then, 
the  time  of  rotation  of  the  sun  upon  its  axis,  and  that  it  is  a 
globe  remains  no  longer  doubtful,  since  a  globe  is  the  only  body 
which,  while  it  revolves  with  a  motion  of  rotation,  would  always 
present  the  circular  appearance  to  the  eye.  The  axis  on  which 
the  sun  revolves  is  very  nearly  perpendicular  to  the  plane  of  the 
earth's  orbit,  and  the  motion  of  rotation  is  in  the  same  direction,  as 
the  motion  of  the  planets  round  the  sun,  that  is  to  say,  from  west 
to  east. 

239*  Spots.  —  One  of  the  earliest  firuits  of  the  invention  of  the 
telescope  was  the  discovery  of  the  spots  upon  the  sun ;  and  the 
examination  of  these  has  gradually  led  to  some  knowledge  of  the 
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physical  constitutioii  of  the  centre  of  attraction  and  the  common 
fountain  of  light  and  heat  of  our  system. 

When  we  submit  a  solar  spot  to  telescopic  examination^  we 
discover  its  appearance  to  be  that  of  an  intensely  black  irregularly 
shaped  patch,  generally  edged  with  a  penumbral  fringe.  When 
watched  for  a  considerable  time,  it  is  found  to  undergo  a  gradual 
change  in  its  form  and  magnitude ;  at  first  increasing  gradually  in 
size,  until  it  attain  some  definite  limit  of  magnitude,  when  it  ceases 
to  increase,  and  soon  begins,  on  the  contrary,  to  diminish ;  and  its 
diminution  goes  on  gradually,  until  at  length,  the  bright  sides 
closing  in  upon  the  dark  patch,  it  dwindles  first  to  a  mere  point, 
and  finally  disappears  altogether.  The  period  which  elapses  be- 
tween the  formation  of  the  spot,  its  gradual  enlargement,  subse- 
quent diminution,  and  final  disappearance,  is  very  various.  Some 
spots  appear  and  disappear  very  rapidly,  while  others  have  lasted 
for  weeks  and  even  for  months. 

The  magnitude  of  the  spots,  and  the  velocities  with  which  Hie 
matter  composing  their  edges  and  fringes  moves,  as  they  increase 
and  decrease,  are  on  a  scale  proportionate  to  the  dimensions  of  the 
orb  of  the  sim  itself.  When  it  is  considered  that  a  space  upon  the 
sun's  disk,  the  apparent  breadth  of  which  is  only  a  minute,  actually 
measures  27,960  miles,  and  that  spots  have  been  frequently  ob- 
served, the  apparent  length  and  breadth  of  which  have  exceeded 
2',  the  stupendous  magnitude  of  the  regions  they  occupy  may  be 
easily  conceived. 

The  velocity  with  which  the  luminous  matter  at  the  edges  of 
the  spots  occasionally  moves,  during  the  gradual  increase  or  dimi- 
nution of  the  spot,  has  been  in  some  cases  foimd  to  be  enormous. 
A  spot,  the  apparent  breadth  of  which  was  90'',  was  observed  by 
Mayer  to  close  in  about  40  days.  Now,  the  actual  linear  dimen- 
sions of  such  a  spot  must  have  been  41,940  miles,  and  conse- 
quently, the  average  daily  motion  of  the  matter  composing  its 
edges  must  liave  been  1 049  miles,  a  velocity  equivalent  to  nearly 
44  miles  an  hour. 

240.  Cause  of  fbe  spots — pliysl^al  state  of  tbe  san's  siir- 
f)Euse.  —  Two,  and  only  two,  suppositions  have  been  proposed  to 
explain  the  spots.  One  supposes  them  to  be  scorise,  or  dark  scales 
of  incombustible  matter,  floating  on  the  general  surface  of  the 
sun.  The  other  supposes  them  to  be  excavations  in  the  luminous 
matter  which  coats  the  sun,  the  dark  part  of  the  spot  being  a 
part  of  the  solid  non-luminous  nucleus  of  the  sun.  In  this  latter 
hypothesis  it  iis  assumed  that  the  sun  is  a  solid  non-luminous 
globe,  covered  with  a  coating  of  a  certain  thickness  of  luminous 
matter. 

That  the  spots  are  excavatior^,  and  not  mere  black  patches  on 
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the  surface,  is  proved  by  the  following  observations :  If  we  select 
a  spot  which  is  at  the  centre  of  the  sun^s  disk^  having  some  defi- 
nite form,  such  as  that  of  a  circle,  and  watch  its  changes  of  ap- 
pearance, when,  by  the  rotation  of  the  sun,  it  is  carried  toward 
the  edge,  we  find,  first,  that  the  circle  becomes  an  oval.  This, 
however,  is  what  would  be  expected,  even  if  the  spot  were  a 
circular  patch,  inasmuch  as  a  circle  seen  obliquely  is  foreshortened 
into  an  oval.  But  we  find  that  as  the  spot  moves  toward  the 
side  of  the  sun's  limb,  the  black  patch  gradually  disappears,  the 
penumbral  fringe  on  the  inside  of  the  spot  becomes  invisible,  while 
the  penumbral  fringe  on  the  outside  of  the  spot  increases  in  appa- 
rent breadth,  so  that  when  the  spot  approaches  the  edge  of  the 
sun,  the  only  part  that  is  visible  is  the  external  penumbral  fringe. 
Now,  this  is  exactly  what  would  occur  if  the  spot  were  an  exca- 
vation. The  penumbral  fringe  is  produced  by  the  shelving  of  the 
sides  of  the  excavation,  sloping  down  to  its  dark  bottom.  As  the 
spot  is  carried  toward  the  edge  of  the  sun,  the  height  of  the  inner 
side  is  interposed  between  the  eye  and  the  bottom  of  the  excava- 
tion, so  as  to  conceal  the  latter  froni  view.  The  surface  of  the 
inner  shelving  side  also  taking  the  direction  of  the  line  of  vision 
or  veiy  nearly,  diminishes  in  apparent  breadth,  and  ceases  to  be 
visible,  while  the  surface  of  the  shelving  side  next  the  edge  of  the 
Sim  becoming  nearly  perpendicular  to  the  line  of  vision,  appears  of 
its  full  breadth. 

In  short,  all  the  variations  of  appearance  which  the  spots  undergo, 
as  they  are  carried  round  by  the  rotation  of  the  sun,  changing  their 
distances  and  positions  with  regard  to  the  sun's  centre,  are  exactly 
such  as  would  be  produced  by  an  excavation,  and  not  at  all  such 
as  a  dark  patch  on  the  solar  surface  would  imdergo. 

241.  Sun  Invested  1>y  two  atmosplieres,  one  Inmlnous  and 
tlie  otlier  non-lamlnous.-^It  may  be  considered  then  as  proved, 
that  the  spots  on  the  sun  are  excavations ;  and  that  the  apparent 
blackness  is  produced  by  the  fact  that  the  part  constituting  the  dark 
portion  of  the  spot  is  either  a  surface  totally  destitute  of  light,  or  by 
comparison  so  much  less  luminous  than  the  general  surface  of  the 
sun  as  to  appear  black.  This  fact,  combined  with  the  appearance 
of  the  penumbral  edges  of  the  spots,  has  led  to  the  supposition, 
advanced  by  Sir  W.  Herschel,  which  appears  scarcely  to  admit  of 
doubt,  that  the  solid  opaque  nucleus,  or  globe  of  the  sun,  is 
invested  with  at  least  two  atmospheres,  that  which  is  next  the  sun 
being,  like  our  own,  non-luminous,  and  the  superior  one  being  that 
alone  in  which  light  and  heat  are  evolved ;  at  all  events,  whether 
these  strata  be  in  the  gaseous  state  or  not,  the  existence  of  two  such, 
one  placed  above  the  other,  the  superior  one  being  luminous,  seems 
to  be  exempt  from  doubt. 
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The  drawings  of  the  spots  observed  by  M.  Capocci,  given  in 
Plate  XI V.^  will  illustrate  these  observations.  It  is  to  be  regretted, 
however,  that  he  has  not  given  any  measures,  either  in  his  memoirs 
or  upon  his  drawings,  by  which  tiie  position  or  magnitude  of  the 
spots  can  be  determined. 

246.  Obserratloiui  and  drawlncs  of  llr.  9mmtnirtt,  In  isae. 
— Ihr.  Pastorff  commenced  his  course  of  solar  observations  as  earlv 
as  1 819.  He  observed  the  spots  which  appeared  in  1826,  of 
which  he  published  a  series  of  drawings,  from  which  we  have 
selected  those  given  in  Plate  XY.  from  observations  made  in  Sep- 
tember and  October,  contemporaneously  with  those  of  M.  Capocci. 
Pastorff  gives  the  position  of  all,  and  the  dimensions  of  the 
principal  spots.  The  numbers  on  the  horizontal  and  vertical  lines 
Express  the  apparent  distances  of  the  spots  severally  from  the  limb 
of  the  Sim  in  each  direction.  The  actual  dimensions  may  be 
estimated  by  observing  that  l'^  measured  at  right  angles  to  the 
visual  ray  represents  466  miles. 

247.  Observations  and  drawlnc*  of  Pastorff  in  1828. — In 
May  and  June,  1828,  a  profusion  of  spots  were  developed,  which 
were  observed  and  delineated  by  Pastorff  vtrith  the  most  elaborate 
accuracy. 

In  Plate  XVL^^.  i  represents  the  positions  of  the  spots  as  they 
appeared  on  the  disk  of  the  sun  on  the  24th  of  May,  at  10  a.m., 
and^«.  2,  3,  4,  and  5,  represent  their  forms  and  magnitudes.  The 
letters  A,  B,  c,  D,  in^.  i ,  give  the  positions  of  the  spots  marked  by 
the  same  letters  in.  Jigs.  2,  3,  4,  and  5. 

The  dimensions  of  the  principal  spot  of  the  group  A  were 
stupendous;  measured  in  a  plane  at  right  angles  to  the  visual  line, 
the  length  was  46,600  miles,  and  the  breadth  27,960. 

The  apparent  breadth  of  the  black  bottom  of  the  spot  was  40", 
which  corresponds  to  an  actual  breadth  of  1 8,640  mUes.  So  that 
the  globe  of  the  earth  might  pass  through  sucli  a  hole,  leaving  a 
distance  of  upwards  of  5000  miles  between  its  surface  and  the  edges 
of  the  chasm. 

The  superficial  dimensions  of  the  several  groups  of  spots  observed 
on  the  sun  on  the  24th  of  May,  at  i  o  A.  H.,  including  the  shelving 
sides^  were  calculated  to  be  as  follows :  — 

Square  GeoK.  MUo. 
Group  A,  principal  spot        .....    ^fioo,ooo 

Ditto,  imaller  ipoti  ......   736,000,000 

Group  B-------    Z96,ooo,ooo 

Group  G*-...-.    zjz.ooo.ooo 
Group  D----..-    304,000.000 

Total  area       •  .  .  .  2,496,000,000 

Thus  it  appears  that  the  principal  spot  of  the  group  a  covered  a 
space  equal  to  little  less  than  five  tunes  ike  entire  surface  of  the  earth; 
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striking  characters  of  the  solar  spots  is,  that  the  penumbral  fringe 
and  black  spots  are  distinctly  defined^  and  do  not  melt  graduallj 
one  into  the  other.  The  spots  are  intensely  black;  and  the  penum- 
bral fringe  of  a  perfectly  uniform  degree  of  shade.  In  some  cases 
there  are  two  nuances  of  fringe,  one  lighter  than  the  other ;  but  in 
that  case  no  intermixture  or  gradual  fading  away  of  one  into  the 
other  is  apparent.  "  The  idea  conveyed,"  observes  Sir  J.  Herschel^ 
^f  is  more  that  of  the  successive  withdrawal  of  veils, — the  partial 
removal  of  definite  films, — than  the  melting  away  of  a  mist  or  the 
mutual  dilution  of  gaseous  media."  This  absence  of  all  gradation, 
this  sharply  marked  suddenness  of  transition,  is,  as  Sir.  J.  Herschel 
also  notices,  entirely  opposed  to  the  idea  of  the  easy  misdbiliiy  of 
the  luminous,  non-luminous,  and  semi-luminous  constituents  of  the 
solar  envelope. 

250.  Observatloiis  of  M.  Scbwabe. — In  1826  M.  Schwabe 
first  entered  cm  these  researches,  which  have  been  continued  to  the 
present  time.  For  more  than  thirty  years  the  sun  scarcely  appeared 
above  the  horizon,  without  being  confronted  by  M.  Schwabe's  tele- 
scope, and  it  is  found  from  his  results  that  on  an  average,  observa- 
tions of  the  spots  were  made  on  300  separate  days  in  a  year.  A 
scmliny  of  the  sun's  disk  made  so  continuously  was  sure  to  produce 
some  valuable  addition  to  this  branch  of  astronomical  investigation. 
It  has  been  already  mentioned  that  the  number  of  spots  visible  at 
one  time  is  very  variable,  the  surface  of  the  sun  being  sometimes 
entirely  free  and  at  other  times  the  reverse  is  shown.  Now  it 
appears  from  M.  Schwabe's  observations  that  this  variation  in  the 
frequency  of  solar  spots,  is  not  accidental,  but  that  they  pass  through 
the  phases  of  maximum  and  minimum  in  a  period  of  about 
ieTi  years.  This  periodicity  has  since  been  confirmed  by  other 
observers. 

It  has  been  long  known  that  the  intensity  of  the  magnetic  decli- 
nation is  subject  to  a  daily  variation,  which  is  supposed  to  be  con- 
nected in  some  way  with  the  sun^  but  it  has  also  been  determined 
that  this  daily  variation  is  liable  to  another  variation  whose  period 
from  minimum  to  maximum  and  from  maximum  to  minimum  is 
also  about  ten  years.  It  is  a  subject,  therefore,  of  considerable 
interest  to  discover  whether  any  connection  exists  between  these 
two  phenomena.  Possibly  the  researches  of  Mr.  Carrington,  who 
has  devoted  since  1853  much  attention  to  this  branch  of  science^ 
will  throw  considerable  light  on  the  matter. 

251.  Solar  feenles  and  lucnles. — Independently  of  the  dark 
spots  just  described,  the  luminous  part  of  the  solar  disk  is  not 
uniformly  bright.  It  presente  a  mottied  appearance,  which  may  be 
compared  to  that  which  would  be  presented  by  the  undulated  and 
agitated  surface  of  an  ocean  of  liquid  firo;  or  to  -a  stratum  of  lu-^ 
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minous  clouds  of  varying  depth  and  having  an  unequal  surface,  or 
the  appearance  produced  by  liie  slow  subsidence  of  some  flocculent 
chemical  precipitates  in  a  transparent  fluids  when  looked  at  per- 
pendicularly from  above.  In  the  space  immediately  around  the 
edges  of  the  spots  extensive  spaces  are  observed^  also  covered  with 
strongly  defined  curved  or  branching  streaks,  more  intensely  lumi- 
nous than  the  other  parts  of  the  disk,  among  which  spots  often  break 
out.  These  several  varieties  in  the  intensity  of  the  brightness  of 
the  disk  have  been  differently  designated  by  the  terms  faculea  and 
luctdes.  These  appearances  are  generally  more  prevalent  and 
strongly  marked  near  the  edges  of  the  disk. 

252.  Xncandescent  ooattngr  of  tbe  sun  ffaseons. — Various 
attempts  have  been  made  to  ascertain  by  the  direct  test  of  observar 
tion,  independently  of  conjecture  or  hypothesis,  the  physical 
state  of  the  luminous  matter  which  coats  the  globe  of  the  sun, 
whether  it  be  solid,  liquid,  or  gaseous. 

That  it  is  not  solid  is  admitted  to  be  proved  conclusively  by  its 
extraordinary  mobility,  as  indicated  by  the  rapid  motion  of  the 
edges  of  the  spots  in  closing ;  and  it  is  contended  that  a  fluid  capable 
of  moving  at  the  rate  of  44  miles  per  hour  cannot  be  supposed  to  be 
liquid,  an  elastic  fluid  alone  admitting  of  such  a  motion. 

253.  Test  of  tbto  proposed  hy  Aragro. — Arago  has,  however, 
suggested  a  physical  test,  by  which  it  appears  to  be  proved  that  this 
huninous  matter  must  be  gaseous ;  in  short,  that  ^e  sim  must  be 
invested  with  an  ocean  of  flame,  since  flame  is  nothing  more  than 
aeriform  fluid  in  a  state  of  incandescence  (H.  597).  This  test  pro- 
posed is  based  upon  the  properties  of  polarised  light. 

It  has  been  proved  that  the  light  emitted  from  an  incandescent 
body  in  the  liquid  or  solid  state,  issuing  in  directions  very  oblique 
to  the  surface,  even  when  the  body  emitting  it  is  not  smooth  or 
polished,  presents  evident  marks  of  polarisation,  so  that  such  a  body, 
when  viewed  through  a  polariscopic  telescope,  will  present  two 
images  in  complementary  colours  (0. 285).  But,  on  the  other  hand, 
no  signs  of  polarisation  are  discoverable,  however  oblique  may  be 
the  direction  in  which  the  rays  are  emitted,  if  the  luminous  matter 
be  flame. 

2  54.  Its  result. — The  light  proceeding  from  the  disk  of  the  sun 
has  been  accordingly  submitted  to  this  test.  The  rays  proceeding 
from  its  borders  evidently  issue  in  a  direction  as  oblique  as  possible 
to  the  surface,  and  therefore,  under  the  condition  most  favour- 
able to  polarisation,  if  the  luminous  matter  were  liquid.  Never- 
theless, the  borders  of  the  double  image  produced  by  the  polariscope 
show  no  signs  whatever  of  complementary  colours,  both  being 
equally  wbite  even  at  the  very  edges. 

This  test  is  only  applicable  to  the  luminous  matter  at  or  near 
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the  edge  of  the  disk,  because  it  is  from  this  only  that  the  rays  issue 
with  the  necessary  obliquity.  But  since  the  sun  reyolves  on  its 
eoasj  every  part  of  its  surface  comes  in  succession  to  the  edge  of  the 
disk ;  and  thus  it  follows  that  the  light  emanating  from  every  part 
of  it  is  in  its  natural  or  unpolarised  state,  even  when  issuing  at  the 
greatest  obliquity ;  and,  consequently,  that  the  luminous  matter  is 
everywhere  gaseous. 

255.  Tbe  SUB  probably  Invested  wifh  a  double  iraseous 
coatliiflr* — All  the  phenomena  which  have  been  here  described^ 
and  others  which  our  limits  compel  us  to  omit,  are  considered  as 
giving  a  high  degree  of  physical  probability  to  the  hypothesis  of 
Sir  W.  Herschel  already  noticed,  in  which  the  sim  is  considered  to 
be  a  solid,  opaque,  non-luminous  globe  invested  by  two  concentric 
strata  of  gaseous  matter,  the  first,  or  that  which  rests  immediately 
on  the  surface,  being  non-luminous,  and  the  other,  which  floats 
upon  the  former,  being  luminous  gas,  or  flame.  The  relation  and 
arrangement  of  these  two  fluid  strata  may  be  illustrated  by  our  own 
atmosphere,  supporting  upon  it  a  stratum  of  clouds.  If  such  clouds 
were  flame,  the  condition  of  our  atmosphere  would  represent  the 
two  strata  on  the  sun. 

The  spots  in  this  hypothesis  are  explained  by  occasional  openings 
in  the  luminous  stratum,  by  which  parts  of  the  opaque  and  non- 
luminous  surface  of  the  solid  globe  are  disclosed.  These  partial 
openings  may  be  compared  to  the  openings  in  the  clouds  of  our  sky^ 
by  which  the  firmament  is  rendered  partially  visible. 

The  apparent  diameter  of  the  sun  is  not,  therefore,  the  diameter 
of  the  solid  globe,  but  that  of  the  globe  bounded  by  the  surface  of 
the  superior  or  luminous  atmosphere ;  and  this  circumstance  may 
throw  some  light  upon  the  small  computed  mean  density  of  the 
sun,  since  considering  the  high  degree  of  rarefaction  which  must  be 
supposed  to  characterise  these  atmospheric  strata,  and  especially 
the  superior  one,  the  density  of  the  solid  globe  will  necessarily  be 
much  more  considerable  than  the  mean  density  of  the  volume  in 
which  such  rarefied  matter  is  included. 

256.  A  tblrd  gaseous  atmospbere  probable. — ^Many  circum- 
stances supply  indications  of  the  existence  of  a  gaseous  atmosphere 
of  great  extent  above  the  luminous  matter  which  forms  the  visible 
surface  of  the  sun.  It  is  observed  that  the  brightness  of  the  solar 
disk  is  sensibly  diminished  towards  its  borders.  This  effect  would 
be  produced  if  it  were  surrounded  by  an  imperfectly  transparent 
atmosphere,  whereas  if  no  such  gaseous  medium  surrounded  it,  the 
reverse  of  such  an  effect  might  be  expected,  since  then  the  thickness 
of  the  luminous  coating  measured  in  the  direction  of  the  visual  ray 
would  be  increased  v«ry  rapidly  in  proceeding  from  the  centre 
towards  the  edges.    This  gradual  diminution  of  brightness  in  pro- 
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ceeding  towards  the  borders  of  the  solar  disk  has  been  noticed  by- 
many  astronomers ;  but  it  was  most  clearly  manifested  in  the  series 
of  observations  made  by  Sir  J.  Herschel  in  1837,  so  conclusively, 
indeed,  as  to  leave  no  doubt  whatever  of  its  reality  on  the  mind  of 
that  eminent  observer.  By  projecting  the  image  of  the  sun's  disk 
on  white  paper,  by  means  of  a  good  achromatic  telescope,  this 
diminution  of  light  towards  the  borders,  was  on  that  occasion  ren- 
dered so  apparent,  that  it  appeared  to  him  surprising  that  it  should 
ever  have  been  questioned. 

257.  Its  ezlstenoe  Indicated  by  solar  eclipses. — But  the 
most  conclusive  proofs  of  the  existence  of  such  an  external  atmo- 
sphere are  supplied  by  certain  phenomena  observed  on  the  occasion 
of  total  eclipses  of  the  sun,  which  will  be  fully  explained  in  another 
chapter  of  this  volume. 

258.  Sir  J.  Bemcbers  bypofhesis  to  explain  tbe  solar  spots. 
— The  immediate  cause  of  the  spots  being  proved  to  be  occasional 
ruptures  of  continuity  in  the  ocean  of  luminous  fluid  which  forms 
the  visible  surface  of  the  solar  globe,  it  remains  to  discover  what 
physical  agency  can  be  imagiaed  to  produce  dynamical  phe- 
nomena on  a  scale  so  vast  as  that  which  the  changes  of  appearance 
of  the  spots  indicate. 

The  regions  of  the  spots  being  two  zones  parallel  to  the  solar 
equator,  manifests  a  connection  between  these  phenomena  and  the 
sun's  rotation.  The  like  regions  on  the  earth  are  the  theatres  of 
the  trade-winds  and  anti-trades,  and  of  hurricanes,  tornadoes, 
waterspouts,  and  other  violent  atmospheric  disturbances.  On  the 
planets  the  same  regions  are  marked  by  belts,  appearances  which 
are  traced  by  analogy  to  the  same  physical  causes  as  those  which 
produce  the  trades  and  other  atmospheric  perturbations  prevailing 
in  the  tropical  and  ultra-tropical  zones.  Analogy,  therefore,  sug- 
gests the  inquiry,  whether  any  physical  agencies  can  exist  upon  the 
sun  similar  to  those  which  produce  these  phenomena  on  the  earth 
and  planets. 

So  far  as  relates  to  the  earth  it  is  certain,  and  so  far  as  relates  to 
the  planets  probable,  that  the  immediate  physical  cause  of  these 
phenomena  is  the  inequality  of  the  exposure  of  the  earth's  surface 
to  solar  radiation,  and  the  consequent  inequality  of  temperature 
^produced  in  diflerent  atmospheric  zones,  either  by  the  direct  or 
reflected  calorific  rays  of  the  sun,  combined  with  the  earth's  rota- 
tion (233).  But  since  the  sun  is  itself  the  common  fountain  of 
heat,  supplying  to  all,  and  receiving  from  none,  no  similar  agency 
can  prevail  upon  it.  It  remains,  therefore,  to  consider  whether  the 
play  of  the  physical  principles  which  are  in  operation  on  the  sun 
itself,  irrespective  of  any  other  bodies  of  the  system,  can  supply  an 
explanation  of  such  a  local  diflerence  of  temperature  as,  combined 
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with  the  sun's  rotation^  would  produce  any  special  physical  effects 
on  the  macular  zoneS;  by  which  the  phenomena  of  tiie  spots  might 
be  explicable. 

The  heat  generated  by  some  imdiscoyered  agency  upon  the  sun 
is  dispersed  through  the  surrounding  space  by  radiation.  If^  as 
may  be  assumed^  the  rate  at  which  this  heat  is  generated  be  the 
same  on  all  parts  of  the  sun,  and  if,  moreover,  the  radiation  be 
equally  free  and  unobstructed  from  all  parts  of  its  surface,  it  is 
evident  that  an  uniform  temperature  must  be  everywhere  main-, 
tained.  But  if,  from  any  local  cause,  the  radiation  be  more  ob- 
structed in  some  regions  than  in  others,  heat  will  accumulate  in 
the  former,  and  the  local  temperature  will  be  more  elevated  there 
than  where  the  radiation  is  more  free. 

But  the  only  obstruction  to  free  radiation  from  the  sun  must  arise 
from  the  atmosphere  with  which,  to  a  height  so  enormous,  it  is 
surrounded.  If,  however,  this  atmosphere  have  everjrwhere  the 
same  height  and  the  same  density,  it  will  present  the  same  ob^ 
struction  to  radiation,  and  the  effective  radiation  which  takes  place 
through  it,  though  more  feeble  than  that  which  would  be  produced 
in  its  absence,  is  still  uniform. 

But  since  the  sun  has  a  motion  of  rotation  on  its  axis  in 
25*  7**  48",  its  atmosphere,  like  that  of  the  earth,  must  participate 
in  that  motion  aad  the  effects  of  centrifrigal  force  upon  matter  so 
mobile :  the  equatorial  zone  being  carried  round  with  a  velocity 
greater  than  300  miles  per  second,  while  the  polar  zones  are 
moved  at  a  rate  indefinitely  slower,  all  the  effects  to  which  the 
spheroidal  form  of  the  earth  is  due  will  affect  this  fluid  with  an 
energy  proportionate  to  ita  tenuity  and  mobility,  the  consequence 
of  which  will  be  that  it  will  assume  the  form  of  an  oblate  sphe- 
roid, whose  axis  will  be  that  of  the  sun's  rotation.  It  will  flow 
from  the  poles  to  the  equator,  and  its  height  over  the  zones  con- 
tiguous to  the  equator  will  be  greater  than  over  those  contiguous 
to  the  poles,  in  a  degree  proportionate  to  the  ellipticity  of  the 
atmospheric  spheroid. 

Now,  if  this  reasoning  be  admitted,  it  will  follow  that  the  ob- 
struction to  radiation  produced  by  the  solar  atmosphere  is  greatest 
over  the  equator,  and  gradually  decreases  in  proceeding  towards 
either  pole.  The  accumulation  of  heat,  and  consequent  elevation 
of  temperature,  is,  therefore,  greatest  at  the  equator,  and  gradually 
decreases  towards  the  poles,  exactly  as  happens  on  the  earth  from 
other  and  different  physical  causes. 

The  effects  of  this  inequality  of  temperature,  combined  with  the 
rotation,  upon  the  solar  atmosphei*e,  will  of  course  be  similar  in 
their  general  character,  and  different  only  in  degree  from  the  phe- 
nomena  produced  by  the  like  cause  on  the  earth.  Inferior  currents 
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will,  as  upon  tlie  earth,  prevail  towards  the  equator,  and  superior 
counter-currents  towards  the  poles  (233).  The  spots  of  the  sun 
would,  therefore,  be  assimilated  to  those  Iropical  regions  of  the  earth 
in  which,  for  the  moment,  hurricanes  and  tornadoes  prevail,  the 
upper  stratum  which  has  come  from  the  equator  being  temporarily 
carried  downwards,  displacing  by  its  force  the  strata  of  luminous 
matter  beneath  it  (which  may  be  conceived  as  forming  an  habitually 
tranquil  limit  between  the  opposite  upper  and  under  currents),  the 
upper  of  course  to  a  greater  extent  than  the  lower,  and  thus 
wholly  or  partially  denuding  the  opaque  surface  of  the  sun  below. 
Such  processes  cannot  be  unaccompanied  by  vorticose  motions, 
which,  left  to  themselves,  die  away  by  degrees,  and  dissipate,  with 
this  peculiarity,  that  their  lower  portions  come  to  rest  more 
speedily  than  their  upper,  by  reason  of  the  greater  distance  below, 
as  well  as  the  remoteness  from  the  point  of  action,  which  lies  in  a 
higher  region,  so  that  their  centre  (as  seen  in  our  waterspouts, 
which  are  nothing  but  small  tornadoes)  appears  to  retreat  up- 
wards.* 

Sir  J.  Herschel  maintains  that  all  this  agrees  perfectly  with 
what  is  observed  during  the  obliteration  of  the  solar  spots,  which 
appear  as  if  filled  in  by  the  collapse  of  their  sides,  the  penumbra 
closing  in  upon  the  spot  and  disappearing  afterwards. 

It  would  have  rendered  this  ingenious  hypothesis  still  more 
satisfactory,  if  Sir  J.  Herschel  had  assigned  a  reason  why  the 
luminous  and  subjacent  non-luminous  atmosphere,  both  of  which 
are  assumed  to  be  gaseous  fluids,  do  not  aflect,  in  consequence  of 
the  rotation,  the  same,  spheroidal  form  which  he  ascribes  to  the 
superior  solar  atmosphere. 

259.  Calorific  power  of  solar  rays.  —  The  intensity  of  heat 
on  the  sun's  surface  has  been  found  to  be  seven  times  as  great  as 
that  of  the  vivid  ignition  of  the  fuel  in  the  strongest  blast  furnace. 
This  power  of  solar  light  is  also  proved  by  the  facility  with  which 
the  calorific  rays  pass  through  glass.  Herschel  found,  by  experi- 
ments made  with  an  actinometer,  that  8 1  '6  per  cent,  of  the  calo- 
rific rays  of  the  sun  penetrate  a  sheet  of  plate  glass  0*12  inch 
thick,  and  that  85*9  per  cent,  of  the  rays  which  have  passed  through 
one  such  plate  will  pass  through  another.f 

260.  Probable  pbysical  cause  of  solar  beat.  —  One  of  the 
most  difiicult  questions  connected  with  the  physical  condition  of 
the  sun,  is  the  discovery  of  the  agency  to  which  its  heat  is  due. 
To  the  hypothesis  of  combustion,  or  any  other  which  involves  the 
supposition  of  extensive  chemical  change  in  the  constituents  of 
the  surface,  there  are  iosuperable  difficulties.    Conjecture  is  all 

•  Herschers  Oipe  ObtervationSf  p.  4^  \l&*au^.  \'W 


178  ASTRONOMY. 

tliat  can  be  offered^  in  the  absence  of  all  data  upon  which  reason- 
ing can  be  based.  Without  any  chemical  change,  heat  may  be 
indefinitely  generated  either  by  friction  or  by  electric  currents,  and 
each  of  these  causes  have  accordingly  been  suggested  as  a  possible 
source  of  solar  heat  and  light.  According  to  the  latter  hypothesis^ 
the  sun  would  be  a  great  eleotbic  uenr  in  the  centre  of  the 
system. 


CHAPTER  Xm. 

THE  80XAB  STSTEX. 

261 .  PeroeptlOB  of  tbe  motton  and  position  of  sorronndtaff 
olidooto   depends  upon  tbe  station  of  the  obsenrer. —  The 

facility,  clearness,  and  certainty  with  which  the  motions,  distances^ 
magnitudes,  and  relative  position  and  arrangement  of  any  surround- 
ing objects  can  be  ascertained,  depends  in  a  great  degree,  upon  the 
station  of  the  observer.  The  form  and  relative  disposition  of  the 
building,  streets,  squares,  and  limits  of  a  great  city,  are  perceiyed^ 
for  example,  with  more  deamess  and  certainty  if  the  station  of  the 
observer  be  selected  at  the  sunmiit  of  a  lofty  building,  than  if  it 
were  at  any  station  level  with  the  general  plane  of  the  city  itself. 
This  advantage  attending  an  elevated  place  of  observation  is  much 
augmented  if  the  objects  observed  are  afi^ted  by  various  and 
complicated  motions  inter  se.  A  general,  who  directs  the  evolutions 
of  a  battle,  seeks  an  elevated  position  from,  which  he  can  obtain,  as 
far  as  it  is  practicable  to  do  so,  a  bircPa  eye  view  of  the  field ;  and 
it  was  at  one  time  proposed  to  employ  captive  balloons  by  which 
observers  could  be  raised  to  a  sufficient  elevation  above  the  plane 
of  the  military  manoeuvres. 

All  these  difficulties,  which  arise  from  the  station  of  the  observer 
being  in  the  general  plane  of  the  motions  observed,  are,  however, 
infinitely  aggravated  when  the  station  has  itself  motions  of  which 
the  observer  is  unconscious ;  in  such  case,  the  effects  of  these 
motions  are  optically  transferred  to  surrounding  objects,  giving  them 
apparent  motions  in  directions  contrary  to  that  of  the  observer,  and 
apparent  velocities,  which  vary  with  their  distance  from  the 
observer,  increasiog  as  that  distance  diminishes,  and  diminishing 
as  that  distance  increases. 

All  such  effects  are  imputed  by  the  unconscious  observer  to  so 
many  real  motions  in  the  objects  observed ;  and,  being  mixed  up 
with  the  motions  by  which  such  objects  themselves  are  actually 
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affected,  an  inextricable  confusion  of  changes  of  position,  apparent 
and  real,  results,  which  involves  the  observer  in  obscurity  and 
difficulty,  if  his  purpose  be  to  ascertain  the  actual  motions  and 
relative  distances  and  arraugement  of  the  objects  around  him. 

262.  Peenliar  dlfloulttos  praAented  by  the  aolar  system. 
— All  these  difficulties  are  presented  in  their  most  aggravated 
form  to  the  observer,  who,  being  placed  upon  the  earth,  desires  to 
ascertain  the  motions  and  positions  of  the  bodies  composing  the 
solar  system.  These  bodies  all  move  nearly  in  one  plane,  and 
from  that  plane  the  observer  never  departs :  he  is,  therefore,  deprived 
altogether  of  the  facilities  and  advantages  which  a  bird's  eye  view 
of  the  system  would  afford.  He  is  like  the  commander  who  caa 
find  no  station  fix>m  ^idiich  to  view  the  evolutions  of  the  army 
against  T^ich  he  has  to  contend,  except  one  upon  a  dead  level  with 
it,  but  with  this  great  addition  to  his  embarrassment,  that  his  own 
fitation  is  itself  subject  to  various  changes  of  position,  of  which  he 
is  altogether  unconscious,  and  which  he  can  only  ascertain  by  the 
apparent  changes  of  position  which  they  produce  among  the  objects 
of  his  observation  and  inquiry. 

The  difficulties  arising  out  of  these  circumstances  obstructed  for 
ages  the  progress  of  astronomical  science.  The  persuasion  so 
universally  entertained  of  the  absolute  immobility  of  the  earth,  was 
not  only  a  vast  error  itself  but  the  cause  of  numerous  other  errors. 
It  misled  inquirers  by  compelling  them  to  ascribe  motions  to 
bodies  which  are  stationary,  and  to  ascribe  to  bodies  not  sta- 
tionary, motions  altogether  different  from  those  with  which  they  are 
really  affected. 

263.  General  amoiffeiiieat  of  bodies  eompomiag  the  solar 
system. — The  solar  system  is  an  assemblage  of  great  bodies^ 
globular  in  their  form,  and  analogous  in  many  respects  to  the  earth. 
Like  the  earth,  they  revolve  round  the  sun  as  a  common  centsre,  in 
orbits  which  do  not  differ  much  from  circles  :  all  these  orbits  are 
very  nearly,  though  not  exactly,  in  the  same  plane  with  the  annual 
orbit  of  the  earth,  and  the  orbital  motions  all  take  place  in  the 
same  direction  as  that  of  the  earth. 

Several  of  these  bodies  are  the  centres  of  secondary  systems, 
another  order  of  smaller  globes  revolving  round  them  respectively 
in  the  same  manner,  and  according  to  the  same  dynamical  laws  as 
govern  their  own  motion  round  the  sun. 

264.  Planets  primary  and  secondary. — This  assemblage  of 
globes  which  thus  revolve  round  the  sun  as  a  common  centre,  of 
which  the  earth  itself  is  one,  are  called  planets  ;  and  the  second* 
ary  globes,  which  revolve  round  several  of   than,  are  called 

SBOOITDABY  PLANETS,  SATELLITES,  Or  KOONS,  OUC  of  t^em  being  OUT 
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moon^  whicli  reyolves  round  the  eaxth  as  the  earth  itself  reTolres 
round  the  sun. 

265.  Primary  carrj  wifh  fhem  fhe  seoondary  round  tike 
sun. — The  primary  planets  which  are  thus  attended  hy  satellites^ 
cany  the  satellites  with  them  in  their  orbital  course ;  tibe  common 
orbital  motion^  thus  shared  by  the  primary  planet  with  its  second- 
arieS;  not  preventing  the  harmonious  motion  of  the  secondaries 
round  the  primary  as  a  conmion  centre. 

266.  Planetary  motions  to  be  first  regarded  as  olreular, 
uniform,  and  In  a  coinmon  plane.  — It  will  be  conducive  to  the 
more  easy  and  clear  comprehension  of  the  phenomena  to  consider^ 
in  the  first  instance^  the  planets  as  moving  round  the  sun  as  their 
common  centre  in  exactly  the  same  plane,  in  exactly  circular  orbits, 
«nd  with  motions  exactly  uniform.  None  of  these  suppositions 
correspond  precisely  with  their  actual  motions ;  but  they  represent 
them  so  very  nearly,  that  nothing  short  of  very  precise  means  of 
observation  and  measurement  is  capable  of  detecting  their  departure 
from  them.  The  motions  of  the  system  thus  understood  wiU  form 
a  first  and  very  close  approximation  to  the  truth.  The  modifica- 
tions to  which  the  condusions  thus  established  must  be  submitted, 
80  as  to  allow  for  the  departures  of  the  several  planets  from  the 
plane  of  the  ecliptic,  of  their  orbits  from  exact  circles,  and  of  their 
motions  from  perfect  uniformity,  will  be  easily  introduced  and  com- 
prehended. But  even  these  will  supply  only  a  second  approximation. 
Further  investigation  will  show  series  after  series  of  corrections, 
more  and  more  minute  in  their  quantities,  and  requiring  longer  and 
longerperiods  of  time  to  manifest  the  effects  to  which  they  are  directed. 

267.  Inferior  and  superior  planets. — The  concentric  orbits 
of  the  planets  then  are  included  one  within  another,  augmenting 
successively  in  their  distances  from  the  centre,  so  as  in  general  to 
leave  a  great  space  between  orbit  and  orbit. 

Those  planets  which  are  included  within  the  orbit  of  the  earth 
are  called  infeeioe  planets,  and  all  the  others  are  called  supe- 

KIOK  PLANETS. 

268.  Periods.  —  The  peeiodic  time  of  a  planet  is  the  interval 
between  two  successive  returns  to  the  same  point  of  its  orbit,  or, 
in  short,  the  time  it  takes  to  make  a  complete  revolution  round  the 
sun.  It  is  found  by  obseiTation,  as  might  be  naturally  expected, 
that  the  periodic  time  increases  with  the  orbit,  being  much  longer 
for  the  more  distant  planets;  but,  as  will  appear  hereafter,  this 
increase  of  the  periodic  time  is  not  in  the  same  proportion  as  the 
increase  of  the  orbit. 

269.  Synodic  motion.  —  The  motion  of  a  planet  considered 
merely  in  relation  to  that  of  the  earth,  without  reference  to  ita 
actual  position  in  its  orbit,  is  called  its  synodic  motion. 
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270.  Geooentrio  and  bdUooentrlc  motloiui. — The  position 
and  motion  of  a  planet  as  they  appear  to  an  ohserver  on  the  earth 
are  called  geocentbic  *;  and  as  they  would  appear  if  the  observer 
were  transferred  to  the  sun^  are  called  heliocenibio. 

271.  Bellocentric  motion  dedncible  flrom  geooentrio. — 
Although  the  apparent  motions  caimot  be  directly  observed  from 
the  sun  as  a  station^  it  is  a  simple  problem  of  elementary  geometry 
to  deduce  them  &om  the  geocentric  motions^  combined  with  the  rela- 
tive distances  of  the  earth  and  planet  from  the  sun ;  so  that  we  are  in 
a  condition  to  state  with  perfect  clearness^  precision,  and  certainty, 
all  the  phenomena  which  the  motions  of  the  planetary  system  would 
present  if,  instead  of  being  seen  from  the  movable  station  of  the 
earth,  they  were  witnessed  from  the  fixed  central  station  of  the 
sun. 

272.  Zlongratlon. — The  geocentric  position  of  a  planet  in  rela- 
tion to  the  sun,  or  the  angle  formed  by  lines  drawn  from  the  earth 
to  the  sun  and  planet,  is  called  the  ELONeAiiON  of  the  planet,  and 
is  EAST  or  WEST,  according  as  the  planet  is  at  the  one  side  or  the 
other  of  the  sim. 

273.  Coqjnnotion. — ^When  the  elongation  of  a  planet  is  nothing, 
it  is  said  to  be  in  conjunctign,  being  then  in  the  same  direction  as 
the  sun  when  seen  from  the  earth. 

274.  Opi^otfitlon. — When  the  elongation  of  a  planet  is  180°, 
it  is  said  to  be  in  OPPOSinoK,  being  then  in  the  quarter  of  the 
heavens  directly  opposite  to  the  sun. 

It  is  evident  that  a  planet  which  is  in  conjunction,  passes  the 
meridian  at  or  very  near  noon,  and  is  therefore  above  the  horizon 
during  the  day,  and  below  it  during  the  night. 

On  the  other  hand,  a  planet  which  is  in  opposition,  passes  the 
meridian  at  or  very  near  midnight,  and  therefore  is  above  the 
horizon  during  the  night,  and  below  it  during  the  day. 

275.  Quadrature.  — A  planet  is  said  to  be  in  quadrature  when 
its  elongation  is  90°. 

In  this  position  it  passes  the  meridian  at  about  six  o'clock  in 
the  morning,  when  it  has  western  quadrature,  and  six  o'clock  in 
the  evening,  when  it  has  eastern  quadrature.  It  is,  therefore,  above 
the  horizon  on  the  eastern  side  of  the  firmament  during  the  latter 
part  of  the  night  in  the  former  case,  and  on  the  western  side  during 
the  first  part  of  the  night  in  the  latter  case.  It  is  a  morning  star 
in  the  one  case,  and  an  evening  star  in  the  other.  . ' 

276.  Ssmodlo  period.  —  The  interval  which  elapses  between 
two  similar  elongations  of  a  planet  is  called  the  synodic  pebiod  of 

•  From  the  Greek  words  yrj  (g6)  and  ^Aio«  (hdios),  signifying  the  earth 
and  the  sun, 
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the  planet.  Thus^  the  interval  between  two  succeflnye  opposttionB 
or  two  successive  eastern  or  western  quadratures,  is  the  sjnodic 
period. 

'ITJ*  Inferior  and  superior  eot^miotlen. — A  superior  planet 
can  never  be  in  conjunction  except  when  it  is  placed  on  the  side  of 
the  sun  opposite  to  the  earth,  so  that  a  line  drawn  &om  the  earth 
through  the  sun  would,  if  continued  beyond  the  sun,  be  directed  to 
the  planet.  An  inferior  planet  is,  however,  also  in  conjunction 
when  it  crosses  the  line  drawn  from  the  earth  to  the  sun,  between 
the  earth  and  sun.  The  former  is  distinguished  as  supxbiob  and 
the  latter  as  infebiob  conjunction. 

As  inferior  conjunction  necessarily  supposes  the  planet  to  be 
nearer  to  the  sun  than  the  earth,  and  opposition  supposes  it  to  be 
more  distant,  it  follows  that  inferior  planets  alone  can  be  in 
inferior  conjunction,  and  superior  planets  alone  in  opposition. 

278.  Bireot  and  retrograde  motion. — When  a  planet  appears 
to  move  in  the  direction  in  which  the  sun  appears  to  move,  its 
apparent  motion  is  said  to  be  direct  ;  and  when  it  appears  to  move 
in  the  contrary  direction,  it  is  said  to  be  setbogbade. 

The  apparent  motion  of  an  inferior  planet  is  always  direct,  except 
within  a  certain  elongation  east  and  west  of  inferior  conjunction^ 
when  it  is  retrograde. 

279.  Conditions  under  wblcli  a  planet  Is  vlslbie  In  tl&e 
absence  of  tbe  sun. — It  is  evident  that  to  be  visible  in  the 
absence  of  the  sun,  a  celestial  object  must  be  so  far  elongated  from 
that  luminaiy  as  to  be  above  the  horizon  before  the  commencement 
of  the  morning  twilight,  or  after  the  end  of  the  evening  twilight. 
One  or  two  of  the  planets  have,  nevertheless,  an  apparent  magni- 
tude so  considerable,  and  a  lustre  so  intense,  that  they  are  sometimes 
seen  with  the  naked  eye,  even  before  simset  or  after  sunrise,  and 
may,  in  general,  be  seen  with  a  telescope  when  the  sun  has  a 
considerable  altitude.  In  most  cases,  however,  to  be  visible  without 
a  telescope,  a  planet  must  have  an  elongation  greater  than  30^ 

to  35°- 
As  an  instance  of  the  visibility  of  a  planet  to  the  naked  eye 

during  the  day  time,  it  may  be  mentioned  that  Yenus  has  fire- 

quently  been  seen  at  Greenwich,  between  one  and  two  o'clock  in 

tiie  afternoon,  when  the  planet  was  near  the  meridian,  and  under 

favourable  circumstances  with  a  briUiant  sky. 

280.  Svenlnv  and  morning  star. — Since  the  inferior  planets 
can  never  attain  so  great  an  elongation  as  90°,  they  must  always 
pass  the  meridian  at  an  interval  considerably  less  than  six  hours 
before  or  after  the  sun.  If  they  have  eastern  elongation  they  pass 
the  meridian  in  the  afternoon,  and  are  visible  above  the  horiion 
after  sunset,  and  are  then  called  eveihno  stabs.    If  they  have 
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-Western  elongation  they  pass  the  meridian  in  the  forenoon^  and  are 
visible  above  the  eastern  horizon  before  simrisey  and  are  then  called 

HOBNINe  STABS. 

281.  Appearance  of  sapeiior  planets  at  Tarlons  elonira- 
tions. — A  superior  planet,  having  every  degree  of  elongation  east 
and  west  of  the  sun  &om  0°  to  1 80°,  passes  the  meri<^an  during 
its  synodic  period  at  all  hours  of  the  day  and  night.  Between 
conjunction  and  quadrature,  its  elongation  east  or  west  of  the  sun 
being  less  than  90°,  it  passes  the  meridian  earlier  than  six  o'clock 
in  the  afternoon  in  the  former  case,  and  later  than  six  o'clock  in 
the  forenoon  in  the  latter  case,  being,  like  an  inferior  planet,  an 
evening  star  in  the  former,  and  a  morning  star  in  the  latter  case. 

At  eastern  quadrature  it  passes  the  meridian  at  six  in  the  even- 
ing, and  at  western  quadrature  at  six  in  the  morning,  appearing 
still  as  an  evening  sta^  in  the  former,  and  as  a  morning  star  in  the 
latter  case. 

Between  the  eastern  quadrature  and  opposition,  the  elongation 
being  more  than  go°  east  of  the  sun,  the  planet  must  pass  the 
meridian  between  six  o'clock  in  the  evening  and  midnight,  and  is 
therefore  visible  from  sunset  imtil  some  hours  before  sunrise. 
Between  western  quadrature  and  opposition,  the  elongation  being 
more  than  90^*  west  of  the  sun,  the  planet  must  pass  ihe  meridian 
at  some  time  between  midnight  and  six  o'clock  in  the  morning, 
and  it  is  therefore  visible  from  some  hours  after  sunset  until  sun^ 
rise. 

At  opposition  the  planet  passes  the  meridian  at  midnight,  and  is 
therefore  visible  from  sunset  to  sunrise. 

282.  Vliases  of  a  planet. — While  a  planet  revolves,  that 
hemisphere  which  is  presented  to  the  sun  is  illuminated,  and  the 
other  dark.  But  since  the  same  hemisphere  is  not  presented 
generally  to  the  earth,  it  follows  that  the  visible  hemisphere  of  the 
planet  will  consist  of  a  part  of  the  dark  and  a  part  of  the  enlight- 
ened hemisphere,  and,  consequently,  the  planet  will  exhibit  phases, 
the  varieties  and  limits  of  which  will  depend  upon  the  relative 
directions  of  the  lines  drawn  &om  the  earth  and  sun  to  the  planet. 
It  is  evident  that  the  section  of  the  planet  at  right  angles  to  a  line 
drawn  from  the  sun  to  its  centre  is  the  base  of  its  enlightened 
hemisphere,  while  the  section  at  right  angles  to  a  line  drawn  from 
the  earth  to  its  centre,  is  the  base  of  its  visible  hemisphere.  The 
less  the  angle  included  between  these  lines  is,  the  greater  will  be 
the  portion  of  the  visible  hemisphere  which  is  enlightened. 

283.  Veribelion,  apbelton,  mean  dUtanee. — That  point  of 
the  elliptic  orbit  at  which  a  planet  is  nearest  to  the  sun  is  called 
PERIHELION,  and  that  point  at  which  it  is  most  remote  is  called 

APHELION. 

K4 


i84  ASTRONOMY. 

The  MEAN  DISTANCE  of  a  planet  &om  the  sun  is  half  the  sum  of 
its  greatest  and  least  distances. 

284.  Major  and  minor  axes,  and  excentriotty  of  fbe  orbit* 

— The^.  54  represents  an  ellipse,  of  which  F  is  the  focus  and  c 
the  centre.  The  line  c  F  continued  to  p  and  A  is  the  majob  axis, 
sometimes  called  the  transverse  axis.  Of  all  the  diameters  which 
can  he  drawn  through  the  centre  c,  terminating  in  the  curve,  it  is 

the  longest,  while  mcm',  drawn 
at  right  angles  to  it,  called  the 
KiNOB  AXIS,  is  the  shortest.  The 
line  Fic',  which  is  equal  to  p  c, 
half  the  major  axis,  and  there-* 
fore  to  half  the  sum  of  the  great- 
est and  least  distances  of  the 
ellipse  from  its  focus,  is  the  icean' 

DISTANCE. 

A  planet,  is,  therefore,  at  its  mean  distance  from  the  sun  when  it 
is  at  the  extremities  of  the  minor  axis  of  its  orhit. 

There  is  another  point  f'  on  the  major  axis,  at  a  distance  f'  c 
from  the  centre,  equal  to  f  c,  which  has  also  the  geometric  pro- 
perties of  the  focus.  It  is  sometimes  distinguished  as  the  ejiptt 
pociJS  of  the  planet's  orhit. 

Ellipses  may  he  more  or  less  excentbic,  that  is  to  say  more  or 
less  oval.  The  less  excentric  they  are,  the  less  they  differ  in  form 
from  a  circle.  The  degree  in  which  they  have  the  oval  form, 
depends  on  the  ratio  which  the  distance  F  c  of  the  focus  from  the 
centre,  hears  to  p  c,  the  semi-axis  major.  Two  ellipses  of  different 
magnitudes  in  which  this  ratio  is  the  same,  have  a  like  form,  and 
are  equally  excentric.  The  less  the  ratio  of  c  r  to  c  p  is,  the  more 
nearly  does  the  ellipse  resemhle  a  circle.  This  ratio,  is,  therefore, 
called  the  excenteicitt. 

The  excentricity  of  a  planet's  orhit  will,  therefore,  be  that  number 
which  expresses  the  distance  of  the  sun  from  the  centre  of  the 
ellipse,  the  semi-axis  major  of  the  orbit  being  taken  as  the  unit. 

285.  Apsides,  anomaly.  —  The  points  of  pebihelion  and 
APHELION  are  called  by  the  common  name  of  Apsides. 

If  an  eye  placed  at  the  sun  F  look  in  the  direction  of  p,  that  point 
will  be  projected  upon  a  certain  point  on  the  firmament.  This  is 
called  the  place  of  pebihelion. 
The  angle  formed  by  a  line  drawn  from  the  sun  to  the  place  p  of 
a  planet,  and  the  major  axis  of  its  orbit,  or,  what  is  the  same,  the 
angular  distance  of  the  planet  from  its  perihelion,  as  seen  from  the 
sun,  is  called  its  anomaly. 

If  an  imaginary  planet  be  supposed  to  move  from  perihelion  to 
aphelion,  with  any  uniform  angular  motion  round  the  sun  in  the 
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same  time  that  the  real  planet  moves  between-  the  same  points 
with  a  variable  angular  motion^  the  anomaly  of  this  imaginary 
planet  is  called  the  mead*  ai^omalt  of  the  planet. 

286.  Vlace  of  perilielloii. — The  place  of  pebihelion  is  ex^ 
pressed  bj  indicating  the  particular  fixed  star  at  or  near  which  the 
planet  at  p  is  seen  from  F^  or^  what  is  the  same,  the  distance  of 
that  point  from  some  fixed  and  known  point  in  the  heavens.  The 
point  selected  for  this  purpose  is  the  vernal  equinoxial  pointy  or  the 
first  point  of  Aries,    The  distance  of  perihelion  from  liiis  point,  as 

seen  from  the  sun,  is  called  the  longmtude  of  pebihelion,  and  is 
an  important  condition  affecting  the  position  of  the  planet's  orbit  in 
space. 

287.  Szcentrlottles  of  orbits  small. —  The  planets'  orbits, 
like  that  of  the  earth,  though  elliptical,  are  very  slightly  so.  The 
excentricities  are  so  minute,  that  if  the  form  of  the  orbit  were 
delineated  on  paper,  it  could  not  be  distinguished  from  a  circle 
except  by  very  exactly  measuring  its  breadth  in  different  direc- 
tions. 

288.  Ibaw  of  attraotton  deduced  ftrom  elliptic  orbit, — As 
the  equable  description  of  areas  round  the  centre  of  the  sun  proves 
that  point  to  be  the  centre  of  attraction,  the  elliptic  form  of  the 
orbit  and  the  position  of  the  sun  in  the  focus  indicate  the  law 
according  to  which  this  attraction  varies  as  the  distance  of  the 
planet  from  the  sun  varies.  Newton  has  deihonstrated,  in  his 
PumciPiA,  that  such  a  motion  necessarily  involves  the  condition 
that  the  intensity  of  the  attractive  force,  at  different  points  of  the 
orbit,  varies  inversely  as  the  square  of  the  distance,  increasing  as  the 
square  of  the  distance  decreases,  and  vice  versd, 

289.  Tbe  orbit  miirlit  be  a  parabola  or  bjperbola. — Newton 
also  proved  that  the  converse  is  not  necessarily  true,  and  that  a 
body  may  move  in  an  orbit  which  is  not  elliptical  round  a  centre 
of  force  which  varies  according  to  this  law.  But  he  showed  that 
the  orbit,  if  not  an  ellipse,  must  be  one  or  other  of  two  curves, 
a  PAHABOLA  or  HYPERBOLA,  having  a  dose  geometric  relation  to 
the  ellipse,  and  that  in  all  cases  the  centre  of  force  would  be  the 
focus  of  the  curve. 

These  three  sorts  of  curves,  the  ellipse,  the  parabola,  and  hyper- 
bola, are  those  which  would  be  produced  by  cutting  a  cone  in 
different  directions  by  a  plane,  and  they  are  hence  called  the  coiincc 

SECTIONS. 

290.  Conditioiis  wliicli  determine  tbe  species  of  tbe  orbit. 

— The  conditions  under  which  the  orbit  of  a  planet  might  be  a 
parabola  or  hyperbola,  depend  on  the  relation  which  the  velocity 
of  the  motion  of  the  planet,  at  any  given  point  of  the  orbit,  bears 
to  the  intensity  of  the  attractive  force  at  that  point.    It  is  demon- 
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BtraUe  that^  if  the  velocity  with  which  a  planet  moves  at  any  given 
point  of  its  orbit  were  suddenly  augmented  in  a  certain  proportion, 
its  orbit  would  become  a  parabola,  and  if  it  were  still  more 
augmented,  it  would  become  an  hyperbola. 

The  ellipse  is  a  curve  which,  like  the  circle,  returns  into  iMf,  so 
that  a  body  moving  in  it  must  necessarily  retrace  the  same  pa^  in 
an  endless  succession  of  revolutions.  This  is  not  the  character  of 
the  parabola  or  hyperbola.  They  are  not  closed  curves,  but  consist 
of  two  branches  which  continue  to  diverge  from  each  other  without 
ever  meeting.  A  planet,  therefore,  which  would  thus  move,  would 
pass  near  the  sun  once,  following  a  curved  path,  but  would  then 
depart  never  to  return. 

291.  Kaw  of  ffravitatloii  yenerml. — The  elliptic  form  of  the 
orbit  of  a  planet  indicates  the  law  which  governs  the  variation  of 
the  sun's  attraction  from  point  to  point  of  such  orbit ;  but  beyond 
this  orbit  it  proves  nothing.  It  remains,  therefore,  to  show  from 
the  planetary  motions  round  the  sun,  and  from  the  motions  of  the 
sateUites  round  their  primaries,  that  the  same  law  of  attraction  by 
which  the  intensity  decreases  as  the  square  of  the  distance  frt>m 
the  centre  of  attraction  increases,  and  vice  versd,  is  imiversal. 

The  attraction  exerted  upon  any  body  may  be  measured,  in 
general,  as  that  of  the  earth  on  bodies  near  its  surface  is  measured^ 
by  the  spaces  through  which  the  attracted  body  would  be  drawn 
in  a  given  time.  It  has  been  found,  that  the  attraction  which  the 
earth  exerts  at  its  surface,  is  such  as  to  draw  a  body  towards  it 
through  193  inches  in  a  second.  Now  if  the  space  through  which 
the  sun  would,  by  its  attraction  at  any  proposed  distance,  draw  a 
body  in  one  second,  could  be  found,  the  attraction  of  the  sun  at 
that  distance  could  be  exactly  compared  with,  and  measured  by 
the  attraction  of  the  earth,  just  as  the  length  of  any  line  or  distance 
is  ascertained,  by  applying  to  it,  and  comparing  it  with,  a  standard 
yard  measure. 

292.  Znclinatloii  of  tbe  orbits  —  nodes. — For  the  sake  of 
illustration,  we  will  suppose  the  planets  to  be  moving  in  the  plane 
of  the  earth's  orbit.  If  this  were  strictly  true,  no  planet  would 
ever  be  seen  on  the  heavens  out  of  the  ecliptic.  The  inferior 
planets,  when  in  inferior  conjunction,  would  always  appear  as  spots 
on  the  sun^  and  when  in  superior  conjunction,  they,  as  well  as  the 
superior  planets,  would  always  be  behind  the  sun's  disk.  This  is 
not  the  case.  The  planets  generally,  superior  and  inferior,  are 
seldom  seen  actually  upon  the  ecliptic,  although  they  are  never  far 
removed  from  it  The  centre  of  the  planet,  twice  in  each  revolution, 
is  observed  upon  the  ecliptic.  The  points  at  which  it  is  thus  found 
upon  the  plane  of  the  earth's  orbit  are  at  opposite  sides  of  the  sun, 
1 80'^  asimder,  as  seen  from  that  luminary.    At  one  of  them  the 
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planet  passes  from  the  Bouth  to  the  north  of  the  ecliptic^  and  at  the 
other  from  the  north  to  the  south. 

293.  Wodes,  ascendlnff  and  d«soendl]iir- — Those  points, 
where  the  centre  of  a  planet  crosses  the  ecliptic,  are  called  its  nodes^ 
that  at  which  it  passes  from  south  to  north  being  called  the  ASCEin)- 
ING  NODE,  and  the  other  the  DESCENSiNe  node. 

While  the  planet  passes  from  the  ascending  to  the  desoen^&ig 
node,  it  is  north  of  the  ecliptic ;  and  while  it  passes  from  the 
descending  to  the  ascending  node,  it  is  south  of  it. 

All  these  phenomena  indicate  that  the  planet  does  not  move  in 
the  plane  of  the  ecliptic  but  in  a  plane  inclined  to  it  at  a  certain 
angle.  This  angle  cannot  be  great,  since  the  planet  is  never 
observed  to  depart  far  from  the  ecliptic.  With  a  few  exceptions 
which  will  be  noticed  hereafter,  the  obliquity  of  the  planets*  orbits 
do  not  amount  to  more  than  7^. 

294.  Tbesodtao. — Most  of  the  planets,  therefore,  not  departing 
more  than  about  8**  from  the  ecliptic,  north  or  south,  their  motions 
are  limited  to  a  zone  of  the  heavens  bounded  by  two  parallels  to 
the  ecliptic  at  this  distance,  north  and  south  of  it. 

295.  To  determine  tbe  real  diameters  and  ▼olumee  of  tbe 
bodies  of  tbe  system. — The  apparent  diameter  of  a  planet  at  a 
kno^vn  distance  being  observed,  the  real  diameW  may  be  computed 
by  multiplying  the  linear  value  of  l''  at  the  distance  of  the  object, 
by  its  apparent  diameter  expressed  in  seconds  of  space. 

The  disks  of  the  inferior  planets  not  being  visible  at  inferior  con- 
junction when  their  dark  hemispheres  are  presented  to  the  earth,  and 
being  lost  in  the  efiulgence  of  the  sun  at  superior  conjunction,  can 
only  be  observed  between  their  greatest  elongation  and  superior 
conjunction,  when  they  appear  gibbous.  The  distance  of  the  planet 
from  the  earth  is  computed  in  this  position  by  knowing  the  distances 
of  the  planet  and  the  earth  from  tbe  sun,  and  the  angle  under  the 
lines  dniwn  from  the  sun  to  the  earth  and  planet,,  which  can  always 
be  computed.  This  distance  being  obtained,  the  linear  value  of  i " 
at  the  planet  being  multiplied  by  the  greatest  breadth  of  its  gibbous 
disk,  the  real  diameter  will  be  obtained. 

Observations  of  Venus  are,  however,  occasionally  made  very 
near  to  superior  conjunction,  the  disk  of  the  planet  being  at  the 
time  apparently  circular,  but  of  limited  magnitude,  owing  to  the 
comparatively  great  distance  of  the  planet  from  the  earth. 

In  the  case  of  the  superior  planets,  their  diameters  may  be  best 
obtained  when  in  opposition,  because  then  they  appear  with  a  fiill 
disk,  and,  being  nearer  to  the  earth  than  at  any  other  elongation, 
have  the  greatest  possible  magnitude.  Their  distance  from  the  earth 
in  this  position,  is  always  the  difference  between  the  distances  of 
ths  earth  and  planet  from  the  sun. 
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"WTien  the  real  diameters  are  found,  the  volumes  can  be  obtained^ 
since  they  are  as  the  cubes  of  the  real  diameters. 

296.  Ketliods  of  determlniiicr  tbe  masses  of  tbe  bodies  of 
tbe  solar  system. — The  work  of  the  astronomer  is  but  imperfectly 
performed  when  he  has  only  mentioned  the  distances  and  magni- 
tudes, and  ascertained  the  motions  and  velocities,  of  the  great  bodies 
of  the  universe.  He  must  not  only  measure,  but  weigh  these 
stupendous  masses. 

The  masses  or  quantities  of  matter  in  bodies  upon  the  surface  of 
the  earth  are  estimated  and  compared  by  their  weights  —  that  is, 
by  the  intensity  of  the  attraction  which  the  earth  exerts  upon  them. 
It  is  inferred  that  equal  quantities  of  matter  at  equal  distances 
from  the  centre  of  the  earth  are  attracted  by  equal  forces,  inasmuch 
as  all  masses,  great  and  small,  fall  with  the  same  velocity  (M.  231). 

The  intensity  of  the  attraction  with  which  the  earth  thus  acts 
upon  a  body  at  any  given  distance  from  its  centre  depends  on  the 
mass  or  quantity  of  matter  composing  the  earth.  If  the  mass  of 
the  earth  were  suddenly  increased  in  any  proposed  ratio,  the  weights 
of  all  bodies  on  its  surface,  or  at  any  given  distance  from  its  centre, 
would  be  increased  in  the  same  ratio,  and  in  like  manner,  if  its 
mass  were  diminished,  the  weights  would  be  decreased  in  the  same 
ratio.  In  short,  the  weights  of  bodies  at  any  given  distance  from 
the  earth^s  centre  would  vary  with,  and  be  exactly  proportional  to, 
every  variation  in  the  mass  of  the  earth. 

A  further  explanation  of  the  method  of  determining  the  masses 
of  the  different  bodies  of  the  solar  system,  will  be  found  in  the 
concluding  chapter  of  this  volume. 

297.  To  determine  tbe  miasses  of  planets  wbicli  liave  no 
satellites. — The  masses  of  the  bodies  composing  the  solar  system, 
are  measured,  and  compared  one  with  another,  by  ascertaining,  with, 
the  necessary  precision,  any  similar  effects  of  their  attractions,  and 
allowing  for  the  effects  of  the  difference  of  distances.  The  effects 
which  are  thus  taken  to  measure  the  masses,  and  to  exhibit  their 
ratio  to  the  mass  of  the  sun  in  the  case  of  planets  attended  by 
satellites,  is  the  space  through  which  a  satellite  would  be  drawn  by 
its  primary,  and  the  space  through  which  a  planet  would  be  drawn 
in  the  same  time  by  the  sun.  These  spaces  indicate  the  actual 
forces  of  attraction  of  the  planet  upon  the  satellite  and  of  the  sun 
upon  the  planet,  and  when  the  effect  of  the  difference  of  distance  is 
allowed  for,  the  ratio  of  the  mass  of  the  planet  to  the  mass  of  the 
sun  is  found. 

In  the  case  of  planets  not  attended  by  satellites,  the  effect  of 
their  gravitation  is  not  manifested  in  this  way,  and  there  is  no 
body  smaller  than  themselves,  and  sufficiently  near  them  to  exhibit 
the  same  easily  measured  and  very  sensible  effects  of  their  attrac- 
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tion,  and  hence  there  is  considerable  difficulty,  and  some  uncertainty 
as  to  their  exact  masses. 

298.  Mass  of  Mars  estimated  by  itm  attraction  upon  tbe 
eartb. — The  nearest  body  of  the  system  to  which  Mars  approaches 
is  the  earth,  its  distance  from  which  in  opposition  is  nearly  fifty 
millions  of  miles,  or  half  the  distance  of  the  earth  from  the  sun. 
Now,  since  the  volume  of  Mars  is  only  the  eighth  part  of  that  of  the 
earth,  it  may  be  presumed  that,  whatever  be  its  density,  its  mass 
must  be  so  small  that  the  effect  of  its  attraction  on  the  earth  at  a 
distance  so  great  must  be  very  minute,  and  therefore  difficult  to 
ascertain  by  observation.  Nevertheless,  small  as  the  effect  thus 
produced  is,  it  is  not  imperceptible,  and  a  certain  deviation  from  the 
path  it  would  follow,  if  the  mass  of  Mars  were  not  thus  present, 
has  been  observed.  To  infer  from  this  deviation  the  mass  of  Mars 
is,  however,  a  problem  of  much  greater  complexity  than  the  deter- 
mination of  the  mass  of  a  planet  by  observing  its  attraction  upon 
its  satellite.  The  method  adopted  for  the  solution  of  the  problem 
is  a  sort  of ''  trial  and  error."  A  conjectural  mass  is  first  imputed 
to  Mars,  and  the  deviation  from  its  course  which  such  a  mass  would 
cause  in  the  orbital  motion  of  the  earth  is  computed.  If  such 
deviation  is  greater  or  less  than  the  actual  deviation  observed,  an- 
other conjectural  mass,  greater  or  less  than  the  former,  is  imputed 
to  the  planet,  and  another  computation  made  of  the  consequent 
deviation,  which  will  come  nearer  to  the  true  deviation  than  the 
former.  By  repeating  this  approximative  and  tentative  process  a 
mass  is  at  length  found,  which,  being  imputed  to  Mars,  would 
produce  the  observed  deviation ;  and  this  is  accordingly  assumed  to 
be  the  true  mass  of  the  planet. 

In  this  way  the  mass  of  Mars  has  been  approximatively  estimated 
at  the  seventii  part  of  the  mass  of  the  earth. 

The  smallness  of  this  mass  compared  with  its  distance  from  the 
only  body  on  which  it  can  exert  a  sensible  attraction  will  explain 
the  difficulty  of  ascertaining  it,  and  the  uncertainty  which  attends 
its  value. 

299.  Masses  of  Vennsand  Keronry. — The  same  causes  of 
difficulty  and  uncertainty  do  not  affect  in  so  great,  a  degree  the 
planet  Venus,  whose  mass  is  somewhat  greater  than  that  of  the 
earth,  and  which  moreover  comes  when  in  inferior  conjunction 
within  about  'thirty  millions  of  miles  of  the  earth.  The  effects  of 
the  attraction  of  the  mass  of  this  planet,  upon  the  earth's  orbital 
motion  are  therefore  much  more  decided.  The  deviation  produced 
by  it,  is  not  only  easily  observed  and  measured,  but  it  affects  in  a 
sensible  manner  the  position  of  the  plane  of  the  earth's  orbit.  By 
the  same  system  of  *'  trial  and  error,''  the  mass  of  this  planet  is 
ascertained  to  be  greater  by  a  twentieth  than  that  of  the  earth,      , 
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The  difficulties  attending  the  determination  of  the  mass  of  Mer- 
cury are  still  greater  than  those  which  affect  Mars^  and  its  true 
value  is  still  very  uncertain.  Attempts  have  lately  \feen  made  to 
approximate  to  its  value^  by  observing  the  effects  of  its  attraction  on 
one  of  the  comets. 

300.  Methods  of  dtermlnlBg  tbe  mmmm  of  tbe  moon. — 
Owing  to  its  proximity  and  dose  relation  to  the  earth,  and  the 
many  and  striking  phenomena  connected  with  it^  the  determination 
of  the  mass  of  the  moon  becomes  a  problem  of  considerable  import- 
tance.  There  are  various  observable  effects  of  its  attraction  by 
which  the  ratio  of  its  mass  to  those  of  the  sun  or  earth  may  be 
computed. 

301.  I  st  By  avtatloii. — It  has  been  shown  that  the  attractions 
of  the  masses  of  the  sun  and  moon  upon  the  protuberant  matter 
surrounding  the  equator  of  the  terrestrial  spheroid  produce  a 
regular  and  periodic  change  in  the  direction  of  the  axis  of  tlie  earth, 
and  consequently  a  corresponding  change  in  the  apparent  place  of 
the  celestial  pole.  The  share  which  each  mass  has  in  these  effects 
being  ascertained,  their  relative  attractions  exerted  upon  the  redun- 
dant matter  at  the  terrestrial  equator  is  found,  and  the  effect  of  the 
difference  of  distance  being  allowed  for,  the  ratio  of  the  attracting 
masses  is  obtained. 

302.  2ndly.  Bjr  tlio  tides. — It  has  also  been  shown  that,  by 
the  attractions  of  the  masses  of  the  sun  and  moon,  the  tides  of  th^ 
ocean  are  produced.  The  share  which  each  mass  has  in  the  pro- 
duction of  these  effects  being  ascertained,  and  the  effect  of  the 
difference  of  distance  being  allowed  for,  the  ratio  of  the  masses  of 
the  sun  and  moon  is  obtained. 

303.  3rdly.  By  tbe  conunon  centre  of  gravity  of  tbe  moon 
and  tbe  eartb. — It  has  been  stated  that  the  centre  of  attraction 
round  which  the  moon  moves  in  her  monthly  course  is  the  centre 
of  the  earth.  This  is  nearly,  but  not  exactly  true.  By  the  law  of 
gravitation  the  centaie  of  attraction  is  not  the  centre  of  the  earth, 
but  the  centre  of  gravity  of  the  earth  and  moon,  that  is,  a  point 
whose  distance  from  the  centre  of  the  earth  has  to  its  distance  from 
the  centre  of  the  moon  the  same  ratio  as  the  mass  of  the  moon  has  to 
the  mass  of  the  earth.  (M.  309.)  Around  this  point,  which  is  within 
the  surface  of  the  earth,  both  the  earth  and  moon  revolve  in  a  month, 
the  point  in  question  being  always  between  their  centres.  If,  then, 
the  position  of  this  point  can  be  found,  the  ratio  of  its  distances 
from  the  centres  of  the  earth  and  moon  will  give  the  ratio  of  their 
masses. 

Now,  the  monthly  motion  of  the  earth  round  such  a  centre 
would  necessarily  produce  a  corresponding  apparent  monthly 
displacement  of  the  sun.    Such  displacement,  though  small  (not 
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amounting  to  more  than  a  few  seconds);  is  neyertheless  capable  of 
observation  and  measurement.  The  exact  place  of  the  sun's  centre 
being  therefore  computed  on  the  supposition  of  the  absence  o^.the 
moon^  and  compared  with  its  observed  place^  the  motion  of  the 
earth's  centre  and  the  position  of  the  point  round  which  it  revolves 
has  been  determined^  and  the  relative  masses  of  the  earth  and 
moon  thus  found. 

304.  4thl7.  By  terrestrial  ^ravltj. — By  what  has  been  al- 
ready explained,  the  space  through  which  the  moon  would  be  drawn 
towards  the  earth  in  a  given  time  by  the  earth's  attraction  can  be 
determined.  Let  this  space  be  expressed  by  s.  The  linear  velocity 
y  of  the  moon  in  its  orbit  can  also  be  determined.    Now,  if  r  be 

the  radius  of  the  orbit,  we  shall  have  r=i^r-, 

'  2  8 

We  find,  therefore,  the  radius  vector  of  the  moon's  orbit  by 
dividing  the  square  of  its  linear  velocity  by  twice  the  space  through 
which  it  would  fall  towards  the  earth  in  the  unit  of  time.  But 
this  radius  vector  is  the  distance  of  the  moon's  centre  from,  the 
common  centre  of  gravity  of  the  earth  and  moon.  The  distance  of 
that  pcMnt,  therefore,  from  the  centre  of  the  earth,  and  consequently 
the  ratio  of  the  masses  of  the  earth  and  moon,  will  be  thus  found. 

All  these  methods  give  results  in  very  near  accordance,  from 
which  it  is  inferred  that  the  mass  of  the  moon  is  not  less  than  the 
seventy-fifth,  nor  greater  than  the  ninetieth  part  of  the  mass  of  the 
earth,  and,  assuming  the  mean  of  these  values,  it  is  consequently 
about  the  tweniy-nine  or  thirty  millionth  part  of  the  mass  of  the 
sun. 

305.  To  determine  the  masses  of  tlie  satellites. — The  same 
difficulties  which  attend  the  determination  of  the  masses  of  the 
planets  not  accompanied  by  satellites,  also  attend  the  determination 
of  the  masses  of  satellites  themselves,  and  the  same  methods 
are  apj^cable  to  the  solution  of  the  problem.  The  masses  of  the 
satellites  of  Jupiter  and  the  other  superior  planets  are  ascertained  in 
relation  to  those  of  their  primaries  by  the  disturbing  efiects  which 
they  produce  upon  the  motions  of  each  other. 

306.  ClassMoatieii  of  tbe  planets  in  tbree  gronpm — First 
group — tbe  terrestrial  planets. — Of  the  planets  hitherto  dis- 
covered, three  which  present  in  several  respects  remarkable  ana- 
logies to  the  earth,  and  whose  orbits  are  included  within  a  circle 
which  exceeds  the  earth's  distance  from  the  sun  by  no  more  than 
one-half,  have  been  from  these  circumstances  denominated  tebbes- 
tbiaIa  PLAiTETS.  Two  of  these,  Mercubt  and  Venus,  revolve 
within  the  orbit  of  the  earth ;  and  the  third.  Mars,  revolves  in  an 
orbit  outside  that  of  the  earth,  its  distance  from  the  earth  when  in 
oppodtioKi  being  only  half  the  earth's  distance  froisi  'tlbb  ^nccu    ^ 
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supposed  new  planet,  which  has  received  the  name  of  Vitlcan, 
and  whose  orbit  is  included  within  that  of  Mercury,  must  be  added 
to  this  group. 

307.  Second  flrronp — tbe  planetoids. — A  chasm  having  a 
width  measuring  little  less  than  four  times  the  earth's  distance, 
separated,  for  many  ages  after  astronomy  had  made  considerable 
progress,  the  terrestrial  planets  fix)m  the  more  remote  members  of 
the  system.  The  labours  of  observers  since  the  beginning  of  the 
present  century,  but  chiefly  since  1 845,  have  filled  this  chasm  with 
no  less  than  fifty-eight  planets,  distinguished  from  all  the  other 
bodies  of  the  system  by  their  extremely  minute  magnitudes,  and  by 
the  circumstance  of  revolving  in  orbits  very  nearly  equal.  These 
bodies  have  been  distinguished  by  the  name  of  asteboids  or 
PLAiTETOiDS,  the  latter  being  preferable  as  the  most  characteristic 
and  appropriate. 

308.  Tbird  group — tbe  major  planets. — Outside  the  plane- 
toids, and  at  enormous  distances  from  the  sun  and  from  each  other, 
revolve  four  planets  of  stupendous  magnitude  —  named  Jupitek, 
Sattten,  Ueaitus,  and  Neptuete  :  the  two  former  being  visible  to  the 
naked  eye,  were  known  to  the  ancients  j  the  two  latter  are  tele* 
scopic,  and  were  discovered  in  modem  times. 


CHAPTER  XIV. 

THE  TEBBlESTRIAL  PLANETS. 

I.  Vulcan. 


309.  The  supposed  new  Inferior  planet. — The  supposed  new 
inferior  planet,  which  has  received  the  name  of  Yttlcan,  is  believed 
by  many,  from  sufficient  proofs  having  been  given  by  the  discoverer 
to  be  in  reality  a  member  of  the  solar  system.  Some  degree  of 
doubt,  however,  will  necessarily  be  attached  to  the  existence  of 
this  planet,  until  its  identity  be  established  by  further  observa- 
tions. 

It  will  be  sufficient  therefore  here  to  state  that  on  the  26th  of 
March,  1859,  a  small  dark  body  was  seen  to  pass  over  a  portion  of 
the  sun's  disk  by  M.  Lescarbault,  a  physician  at  Orgeres  in  the 
department  Eure  et  Loire,  France,  having  eveiy  appearance  of  being 
a  planet,  whose  orbit  would  be  included  within  that  of  Mercurv. 
From  his  observations,  which  were  registered  in  a  very  careful 
though  homely,  manner,  as  well  as  firom  his  replies  to  a  very  severe 
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cros8-e3Uunination  by  M.  Le  Yenijar^  who  had  undertaken  to  prove 
the  truthfuhiess  of  the  discoverj;  that  astronomer  was  convinced 
that  he  ought  not  to  doubt  in  the  reality  of  the  observation,  or  the 
good  fEdth  of  the  observer. 

From  the  observations  of  M.  Lescarbault,  we  may  conclude  that 
its  distance  from  the  sun  is  about  fourteen  millions  of  miles ;  its 
period  less  than  20  days ;  the  inclination  of  its  orbit  12  or  13 
degrees ;  and  the  longitude  of  the  ascending  node  1 3  degrees. 

It  is  to  be  hoped  that  a  speedy  confirmation  of  the  discovery  will 
give  the  supposed  planet  a  permanent  place  as  a  member  of  the 
solar  system;  a  systematic  search  was,  however,  made  in  the 
spring  of  the  present  year  by  astronomers  in  different  parts  of  the 
globe,  with  the  object  of  its  identification  during  the  short  interval 
when  its  orbit  was  expected  to  be  projected  on  the  sun's  disk  for  a 
period  of  1 5  days,  extending  from  March  the  25th  to  April  the  9th, 
1 860.    The  search  was  however  not  successful. 

II.  Mbbcukt. 

310.  Period. — With  the  exception  of  Vulcan,  the  nearest  of 
the  planets  to  the  sun,  and  that  whiiji^p^^i^^l^te^  jtp  ;tey^uti<m  in 
the  shortest  time,  is  Mebcttbt. 

The  synodic  period  of  this  planetj  f^pijkemane^  h^  immediate 
observation,  is  115*88  days.  Its  mat^  jidoroal  period  is  87^97 
days. 

If  the  earth's  period  be  expressed  by  i,  that  of  Mercury  will 
therefore  be  0*2408. 

311.  Mean  and  •xtreme  distanoa^ikoin  :lhe  mm  and  eartli. 
— The  excentricity  of  the  orbit  of  Mercury  is  much  more  consider- 
able than  those  of  the  planets  generally,  being  a  little  more  than 
0*2056,  expressed  in  parts  of  the  mean  distimce.  The  distance  of 
the  planet  from  the  sun  is,  therefore,  jsubject  to  a  variation, 
amounting  to  so  much  as  a  fifth  part  of  ^Its  xnean  value,  its  mean 
distance  oeing  about  3  6|  millions  of  n^ilos.  ^he  g^s^tfiSt  fnd  least 
distances  from  the  sun  are,  therefore, 

44  J  millions  of  mi]aB;i^4a|^|u^Qon 
29^       „  „         p^f&elkm. 

The  distance  is,  therefore,  subject  to  a  variation  in  the  ratio  of  5  to 
7  very  nearly. 
The  mean  distances  of  the  planet  from  the  earth  are,  therefore, 

58^  millions  of  miles  at  inferior  conjunction 
131^        „  „  superior  conjunction. 

These  distances  are  subject  to  an  increase  and  diminution  of 
seven  and  one-third  millions  of  miles  due  to  the  excentricity  of  the 
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orbit  of  tbe  planet,  and  one  milUoD  and  o-half  of  ndleadiM  to  the 
ezcentricity  of  the  orbit  of  tbe  eartb. 

312.  Oraatart  almwatloD. — Owing  to  tbe  elliptidty  of  the 
pinaet's  orbit,  the  gre&tett  elongation  of  Mercury  is  sul^ect  to  some 
variation.    Ita  mean  amount  is  zz°'j. 

313.  mml»  of  tb*  orMt  retetiTair  to  tkat  of  ttaa  oarth. — 
The  orbit  of  Mennuy  and  a  part  of  that  of  tlie  earth  axe  exhibited  tat 
their  proper  «cale  in^.  5  ;,  where  a  k  is  the  earth's  distance  from 
the  Bun,  and  m  m"  m  the  orbit  of  the  planet.  The  lines  E  m"  ixKwu. 
from  the  earth  touching  l^e  orbit  of  the  planet  detenuine  th« 
podtjons  of  the  planet  when  it«  elongation  is  greatest  east  and  west 
of  the  Bun.  The  points  m  are  the  positions  of  the  planet  at 
inferior  and  superior  conjunction. 

314.  Appuvnt  motfoii  of  the  planat,  —  The  eSbcta  of  the 
combination  of  the  orbital  motions  of  the  planet  and  the  earth  upon 
the  apparent  place  of  the  planet  will  now  be  ensilj  comprehended. 

Since  the  mean  TfdUB  of  the  greatest  elcaigation  m"  eb^zi}-'', 
the  arc  mm"=67j°  and  therefore  m" mmf'^b-j^°  x  a=:  ijj". 
The  times  of  the  greatest  elongtt- 
tions  east  and  west  therefore  divide 
the  whole  synodic  period  into  two 
unequal  parts,  in  one  of  which, 
that  £rom  the  greatest  elongntion 
east  through  inferior  conjunction 
to  the  greatest  elongation  west, 
the  pliuiet  gains  upon  the  earth 
13^°;  and  in  t^ie  otJier,  that  from 
the  greatest  elongation  west, 
through  superior  conjunction  to 
the  greatest  elongation  east,  it 
gains  360° — I35''=ZZ5''.  Since 
the  parts  into  which  the  synodic 
period  is  thus  divided  are  propor- 
tional to  these  angles,  they  will 
be  (taking  the  synodic  period  in 
round  numbers  as  1 16  days), 


=  43i  d»ys- 
:  72^  days. 


And  since  the  former  interval  ia  divided  equally  by  the  epoch  of 
inferior,  and  the  latter  by  the  epoch  of  superior,  conjunction,  it 
'oUows,  that  the  intervals  between  inferior  conjunction  and  greatest 
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elongation  are  2i|  days,  and  the  intervals  between  superior  con- 
junction and  greatest  elongation  are  36 J  days. 

The  interr^  between  the  times  at  which  the  planet  is  stationary, 
before  and  after  inferior  conjunction,  is  subject  to  some  yariation, 
owing  to  the  excentricities  of  the  orbits  botli  of  the  planet  and  the 
earth,  but  chiefly  to  that  of  the  planet's  orbit,  which  is  considerable. 
If  its  mean  value  be  taken  at  22  days,  the  angle  gained  by  the 
planet  on  the  earth  in  that  interval  being  6&^*4,  the  angular  distances 
of  the  points  at  which  the  planet  is  stationary  from  inferior  con- 
junction as  seen  from  the  sun  would  be  34^*2,  which  would 
correspond  to  an  elongation  of  about  21^,  as  seen  from  the  earth. 
This  result,  however,  is  subject  to  very  great  variation,  owing  te 
the  excentricity  of  the  planet's  orbit  and  other  causes. 

315.  ConditloiM  wMolt  liaTonr  flie  observatloii  of  an 
Inferior  planot* — These  conditions  are  threefold  :  i.  The  mag- 
nitude of  that  portion  of  the  enlightened  hemif^here  which  is 
presented  to  the  earth.  2.  The  elongation.  3.  The  proximity  of 
the  planet  to  the  earth. 

Since  it  happens  that  the  positions  which  render  some  of  these 
conditions  most  favourable  render  others  less  so,  the  determination 
of  the  position  of  greatest  apparent  brightness  is  somewhat  compli- 
cated. When  the  planet  is  nearest  to  the  earth  its  dai'k  hemisphere 
is  presented  towards  us ;  besides  which,  being  in  inferior  conjunction, 
it  rises  and  sets  with  the  sun,  and  is  only  present  in  the  day  time. 
At  small  elongations  in  the  inferior  part  of  the  orbit  its  distance 
from  the  earth  is  not  much  augmented,  but  it  is  still  overpowered 
by  the  sun's  light,  and  would  only  appear  as  a  thin  crescent  when 
it  would  be  possible  to  see  it.  At  the  greatest  elongation,  when 
it  is  halved,  it  is  most  removed  from  the  interference  of  the  sun, 
but  is  brightest  at  a  less  elongation,  even  though  it  moves  to  a 
greater  distance  from  the  earth,  since  it  gains  more  by  the  increase 
of  its  phase  than  it  loses  by  increased  distance  and  diminished 
elongation. 

Owing  to  the  very  limited  elongation  of  Mercury,  that  planet, 
even  when  its  apparent  distance  from  the  sun  is  greatest,  sets  in  the 
evening  long  before  the  end  of  twilight;  and  when  it  rises  before 
the  sun,  the  latter  luminary  rises  so  soon  after  it  that  it  is  never 
free  from  the  presence  of  so  much  solar  light,  which  renders  it 
extremely  difficult  to  see  the  planet  with  the  naked  eye. 

In  these  latitudes  Mercury  is  therefore  only  occasionally  seen 
with  the  naked  eye.  It  is  said  that  Copernicus  himself  never  saw 
this  planet,  a  circumstance  which,  however,  may  have  been  owing, 
in  a  great  degree,  to  the  imfavourable  climate  in  which  he  resided. 
In  lower  latitudes,  where  the  diurnal  parallels  are  more  nearly 
vertical  and  the  atmosphere  less  clouded,  it  i&  xost^  ^x^q^<sc^ 
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Tiflible,  and  there  it  is  more  conspicuous^  owing  to  tlie  short 
duration  of  twilight. 

316.  Avparent  diametMr — Its  ukmrnn  and  eztrema  wmJm&mm 

— -  Owing  to  the  variation  of  the  planet's  distance  fixmi  the  eairthy 
its  apparent  diameter  is  subject  to  a  corresponding  change.  At  Ite 
greatest  distance  its  apparent  diameter  is  ^Y',  and  at  its  Ifrart 
distance  'i  1^%  its  value  at  the  mean  distance  being  6i'\ 

The  apparent  diameter  of  the  moon  being  familiar  to  every  ejye 
supplies  a  convenient  and  instructive  comparison  by  which  ^e 
apparent  magnitudes  of  other  objects  may  be  indicated^  and  we 
snail  refer  to  it  frequently  for  that  purpose.  The  disk  of  the  full 
moon  subtends  an  angle  of  1 800^^  to  the  eye.  It  follows^  therefore^ 
that  the  apparent  difuneter  of  Mercury  when  it  appears  as  a  thin 
crescent  near  inferior  conjunction  is  about  the  1 50^1  part,  near  the 
greatest  elongation  it  is  the  280th  part^  and  near  superior  con- 
jimction  the  400th  part  of  the  apparent  diameter  of  the  moon. 

317.  Xeal  diameter. — The  real  diameter  has  been  assumed 
from  some  recent  measures^  to  be  about  2950  miles. 

318.  Volmne.  — Assuming  that  the  diameter  of  Mercury  equals 
2950  miles,  ^t  follows  that  its  volume  would  amount  to  about  the 
I  gitt  part  of  that  of  the  earth. 

The  relative  volumes  are  represented  by  k  and  B^Jig,  56. 

319.  iSass  and  density. — Some  xm- 
certainly  has  hitherto  attended  the  cal- 
culation of  the  density  and  mass  of  this 
planet;  owing  to  the  absence  of  a  satel- 
lite. The  disturbances  produced  by  it 
upon  the  motion  of  Encke's  comet  (a 
Fig.  56^  hodj  which  will  be  described  in  another 

chapter)  have,  however,  supplied  the 
means  of  a  closer  approximation  to  it.  By  this  means  it  has  been 
found  that  if  m'  express  the  mass  of  the  planet,  and  k  that  of  the 
earth,  we  shall  have 

m'  _    100  , 
M         1225' 

so  that  the  mass  is  1 2^  times  less  than  that  of  the  earth. 

The  density  of  the  planet  relatively  to  that  of  the  earth,  deter- 
mined from  the  above,  would  equal  1  '20.  Other  estimates  make 
it  I '12.  So  that  it  may  be  inferred  that  the  density  of  Mercury 
exceeds  that  of  the  earth  by  an  eighth  to  a  fifth ;  this  result  is^ 
however,  problematical 

320.  Solar  Urbt  and  beat. — The  apparent  magnitude  of  the 
sun  is  greater  than  upon  the  earth,  in  the  same  ratio  as  the  distance 
is  less  -y  and  owing  to  the  considerable  ellipticity  of  Mercury 's  orbit; 
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it  Ikiia  appurent  miigiiitndes  sensibly  different  in  different  parts  of 
Mercury'g  year.     The  apparent  mean  diameter  of  tlie  sun  aa  Men 


from  the  earth  bdng  32'  4'',  its  apparent  diameter  seen  horn 
Meicuiy  will  be  in  perihelion  104''^,  in  aphelion  68''7,  and  at 
mean  distance  82''9. 

Thus  the  apparent  diameter  when  least,  is  twice,  and  when 
greatest,  three  tunes,  that  which  the  sun  appears  frota  the  earth 
when  at  its  mean  magnitude. 

la_figt.  57,  58,  the  relative  apparent  magnitudes  of  the  aim,  as 
seen  from  the  earth  and  from  Mercury,  at  the  mean  distance  and 
extreme  distances,  are  Tepresented  at  e,  u,  it',  and  M".  If  x  be 
supposed  to  represent  the  apparent  disk  of  the  sun  as  seen  from  the 
earth,  x  will  represent  it  as  it  appeam  to  Mercmy  at  the  mean 
distance,  it'  at  aphelion  and  u"  at  perihelion. 

Since  the  illuminating  and  heating  power  of  the  sun's  rays, 
whatever  be  the  phymcal  condition  of  the  surface  of  the  planet, 
must  vary  in  the  same  proportion  as  the  apparent  area  of  the  sun't 
disk,  it  follows,  that  the  light  and  warmth  produced  hy  the  sun  on 
the  surface  of  the  planet  will  be  greater  in  perihelion  dian  in  aphe- 
lion, in  the  ratio  of  9  to  4,  and,  consequently,  there  must  he  a  suc- 
cession of  seasons  on  this  planet,  depending  exclusively  on  the 
ellipticity  of  the  orbit,  and  having  no  relation  to  the  direcdon  of  ita 
axis  of  rotation  or  the  position  of  the  plane  of  ita  equMor  with 
relation  to  that  of  its  orbit  The  passage  of  the  planet  through  its 
perihelion  must  produce  a  summer,  and  its  passage  through  aphe- 
lion a  winter,  the  mean  temperature  of  the  former,  caferii  pariinu, 
being  above  twice  that  of  the  latter. 

If  the  ftiiB  of  the  planet  be  inclined  to  the  plane  of  ita  orbit, 
another  succession  of  seasons  will  be  produced,  dependent  on  such 
inclination  and  the  position  of  the  equinoxial  points.  If  these  points 
coincide  vrith  the  apsides  of  the  orbit,  the  summers  and  winters 
ariaing  from,  both  causes  will  either  respectively  coincide,  or  the 
summer  from  each  cause  will  coincide  with  the  winter  from  the 
other.  In  the  former  case  the  intenuties  of  the  seasons  and  their 
ezbeme  temperatures  will  be  augmented,  by  the  ctMB!a.4!iKiC»,«c^ 
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in  the  latter  they  will  be  mitigated^  the  summer  heat  tram  each 
cause  tempering  the  winter  cold  from  the  other. 

If^  on  the  other  hand^  the  line  of  apsides  be  at  right  angles  to 
the  direction  of  the  equinoxes^  the  summer  and  winter  from  each 
cause  will  correspond  with  the  spring  and  autumn  from  the  other, 
and  a  curious  and  complicated  succession  of  seasons  must  ensue, 
depending  on  the  degree  of  obliquity  of  the  axis  of  the  planet, 
compared  with  the  effects  of  the  excentricity  of  its  orbit. 

In  comparing  the  calorific  influence  of  the  sun  on  Mercury  and 
the  earth,  it  must  be  remembered  that  the  actual  temperature  pro- 
duced by  the  solar  rays,  depends  on  the  density  of  the  atmosphere 
through  which  they  pass,  by  which  the  heat  is  collected  and 
diffused.  The  density  of  the  sun's  rays  above  the  snow-line  in  the 
tropics  is  as  great  as  at  the  level  cf  the  sea,  but  the  temperatures  of 
the  air  and  surrounding  objects  are  extremely  different.  Notwith- 
standing, therefore,  the  greater  density  of  the  solar  rays,  the  atmo- 
spheric conditions  of  the  planet  may  be  such  that  the  superficial 
temperature  may  not  be  different  from  that  of  the  earth. 

The  intensity  of  the  solar  light  must  be  greater  than  at  the  earth 
in  the  ratio  of  four  to  one  when  the  planet  is  in  aphelion,  and  nine 
to  one  when  in  perihelion.  Its  effects  on  vision,  however,  may  be 
rendered  the  same  by  the  mere  adaptation  of  the  contractile  power 
of  the  pupil  of  the  eye.    (0.  362.)  ^ 

321.  Metliod  of  ascertainlngr  tlie  diurnal  rotation  of  tbe 
planets. — One  of  the  most  interesting  objects  of  telescopic  inquiry 
regarding  the  condition  of  the  planets  is,  the  question  as  to  their 
diurnal  rotation.  In  general,  the  manner  in  which  we  should  seek 
to  ascertain  this  fact  would  be,  by  examining  with  powerful  tele- 
scopes the  marks  observable  upon  the  disk  of  the  planet.  If  the 
planet  revolve  upon  an  axis,  these  marks,  being  carried  round  with 
it,  would  appear  to  move  across  the  disk,  from  one  side  to  the  other ; 
they  would  disappear  on  one  side,  and,  remaining  for  a  time 
invisible,  would  reappear  on  the  other,  passing,  as  before,  across  the 
visible  disk.  Let  any  one  stand  at  a  distance  from  a  common  ter- 
restrial globe,  and  let  it  be  made  to  revolve  upon  its  axis :  the  spec- 
tator will  see  the  geographical  marks  delineated  on  it,  pass  across 
the  hemisphere  which  is  turned  towards  him.  They  will  suc- 
cessively disappear  and  reappear.  The  same  effects  must,  of  course, 
be  expected  to  be  seen  upon  the  several  planets,  if  they  have  a 
motion  of  rotation  resembling  the  diurnal  motion  of  our  globe. 

322.  Bifflculty  of  tbis  question  in  the  case  of  Mercury. — 
This  is  a. species  of  observation  which  has  not  yet  been  successfully 
made  in  the  case  of  Mercury.  Sir  John  Herschel,  who  has  enjoyed 
more  than  common  advantages  for  telescopic  observation  under  dif- 
ferent climates,  affirms,  that  little  more  can  be  certainly  affirmed  of 
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Mercuiy  than  that  it  is  globular  m  form^  and  exhibits  phases,  and  that 
it  is  too  small  and  too  much  lost  in  the  constant  and  close  efiulgence 
of  the  sun  to  allow  the  further  discoyery  of  its  physical  condition. 
Other  observers,  howeyer,  daim  the  discoyeiy  of  indications  not 
only  of  rotation  but  other  physical  characters.  Schroter  says,  that 
by  examining  daily  the  appearance  of  the  cusps  of  the  crescent,  he 
ascertained  that  it  has  a  motion  of  rotation  in  24^  5™  28'. 

323.  Allegred  dlsoovery  of  monntaliis. — The  same  observer 
claims  the  discoyery  of  mountains  on  Mercury,  and  even  assigns 
their  height,  estimating  one  at  2132  yards^  and  another  at  1 8,978 
yards. 

These  observations^  not  haying  been  confirmed,  must  be  con- 
sidered apociyphaL 

m.  VEinrs. 

324.  Period. — The  next  planet  proceeding  outwards  from  the 
sun  is  Venus,  which  revolves  in  an  orbit  within  that  of  the  earth, 
and  which,  after  the  sun  and  moon,  is  the  most  splendid  object  in 
the  firmament. 

The  synodic  period,  ascertained  by  observation,  is  5  84  days.  Her 
mean  sidereal  period  deduced  &om  this  is,  therefore,  225  days. 

By  other  methods  it  is  more  exactly  determined  to  be  2247 
days. 

If  the  earth's  period  be  taken  as  the  unit,  that  of  Venus  will, 
therefore,  be  0*6125. 

325.  Mean  and  extreme  dlstaneea  flrom  tbe  sun  and 
eartb. — The  distances  of  Venus  from  the  earth  at  inferior  con- 
junction, greatest  elongation,  and  superior  conjimction,  are  about 

26,250,000  miles  at  inferior  conjunction, 

65,000,000  miles  at  greatest  elongation, 

163,750,000  miles  at  superior  conjunction. 

The  excentricity  of  its  orbit  being  less  than  0*007,  these  distances 
from  the  earth  are  subject  to  very  little  variation  £rom  that  cause. 
The  extreme  distance  of  the  planet  fix>m  the  sun  is 

68^  millions  of  miles  in  perihelion,  and 
69^         ,,         „  aphelion. 

The  distances  of  Venus  from  the  earth  are  subject  therefore  to  an 
increase  and  diminution,  amounting  to  half  a  inillion  of  ndles,  due 
to  the  excentricity  of  the  planet's  orbit,  and  one  and  a  half  million 
of  miles  due  to  that  of  the  earth's  orbit. 

326.  Greatest  elongratloii. — The  mean  amount  of  the  greatest 

elongation  of  Venus  has  been  foimd  by  observation  to  be  about  45^ 

or  46®. 

04 


200  A8TE0N0MT. 

327-  ■iiaiii  iirn mi  ihtihh  m  riiai  iirai«*«im       Tliin 

relation  of  the  orbit  of  VenoB  to  the  edrth  is  rapteMBted  irijlff.  5^, 
where  s  e  repreaenta  the  earth's  distance  from  the  na,  and  vbv  the 
mean  diamnter  of  the  plnnet's  itrbit  on  tbe  same  icale.  The  angles 
s  E  v"  represent  the  greatest  elongation  of  the  plane^  which  ia  about 
^  6°.  The  lesser  elongationB  r"'  b  a  are  those  at  which  1^  planet 
Rppears  with  leaa  than  a  full  diek,  or  gibbous,  as  at  v"',  or  as  a 
crescent,  as  at  1/. 

328.  Apparent  motion. — Since  the  mean  value  of  th«  greatest 
elongation  is  ascertained  to  be  46°,  the  an^e  at  the  son,  if'  ax^ 
44°,  and  consequentlj  the  angle  v"  s  v",  included  between  the 
greatest  elongations  east  nnd  west,  is  88°.  Since  the  tame  taken 
bj  the  planet  to  gun  this  angle  upon  the  earth  bears  the  same  Tatio 
to  the  synodic  period  as  this  angle  bears  to  360°,  the  intervals  into 
which  the  synodic  period  is  divided  by  the  epochs  of  greatest  eltm- 
gation,  are 

_88_ 

360  >:  58+  =  1428  days. 


355 


X  58+  =  441-1  days. 


The  intervals  betwden  inferior  conjunction  and  greatflst  elcoigsA 
tion  sre  therefore  71^  days,  and  the  intervals  between  superior 
conjunction  and  greatest  elon- 
gation are  2ioi  daya. 

329.  Statlona  and  ratro^ 
gTSMlon.  —  From  a  compari- 
siin  of  the  orbital  motions  and 
dist.inces  of  the  earth  and 
planet,  it  ia  found  that  the 
epochs  at  which  it  is  stationary 
ai  e  about  twenty-one  days  be- 
fiire  and  after  inferior  conjunc- 
tion. Now,  since  the  planet 
pains  o°-6i  25  per  day  upon  the 
Karth,  this  interval  corresponds 
to  an  angle  of  12" -9  at  the 
sun,  which  corresponds  to  ad 
elongation  of  about  25°  or  26°, 

The  arc  of  retrogression  is 
little  less  than  a  degree. 

330.  OondtttoM  wWeb 
tKrowt  the  okierratlon  at  Venn*. — This  planet  presents  itself 
to  the  observer  under  conditions  in  many  respects  more  fevoniahle 
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for  telescopic  examination  than  Mercury.  The  actual  diameter 
of  Venus  is  more  than  twice  that  of  Mercury.  It  approaches 
nearer  to  the  earth  in  the  inferior  part  of  its  orbit  in  the  ratio  of 
1 3  to  30.  It  elongates  itself  from  the  sun  to  the  distance  of  46^, 
while  the  elongation  of  Mercury  is  limited  to  22^®,  The  latter  is 
never  seen,  except  in  strong  twilight.  Venus,  especially  in  the 
lower  latitudes,  is  seen  at  a  considerable  elevation  long  after  the 
cessation  of  evening  and  before  the  commencement  of  morning 
twilight,  and  when  she  has  a  gibbous  or  a  crescent  phase.  The 
planet  appears  brightest  when  its  elongation  is  about  40^  in  the 
superior  part  of  her  orbit. 

331.  Bveninff  and  momlnff  star. — Xm^ifer  and  Bespenuk 
—  This  planet  for  these  reasons  is,  next  to  the  sun  and  moon,  the 
most  conspicuous  and  beautiful  object  in  the  firmament.  When  it 
has  western  elongation,  it  rises  before  the  sun,  and  is  called  the 
HOKNnre  stab.  When  it  has  eastern  elongation,  it  sets  after  the 
sun,  and  is  called  the  eyekivg  star. 

The  ancients  gave  it  in  the  former  position,  the  name  of  Lucifeb 
(the  harbinger  of  day),  and  in  the  latter  that  of  Hespebus. 

332.  Apparent  diameter.  —  Owing  to  the  great  difference 
between  its  distance  from  the  earth  at  inferior  and  superior 
conjunctions,  f3ie  appar^it  diameter  of  this  planet  varies  in  magni- 
tude within  wide  limits.  At  superior  conjunction  it  is  only  10^^, 
from  which  to  inferior  conjunc^ott  ll  gMt^a&f  eslnrgw  tintil  it 
becomes  62^^,  and  in  some  positiotta  even  m>  vtauik  ad  76^^.  At  its 
greatest  elongation  its  apparent  dSfStinHBl!  i§  ibottt  ^y%  and  at  its 
mean  distance  i6^^^ 

333.  Bittenltles  attendlnff  tbe  teleaooplc  obaerratloii  or 
Venns.— -Notwithstanding  this,  the  greatest  difficulties  have 
attended  the  telescopic  observation  of  this  planet  when  any  special 
accuracy  is  required.  Its  intense  lustre  dazzles  the  eye,  and  ag- 
gravates all  the  optical  imperfections  of  the  instrument.  Li  some 
cases,  however,  the  image  of  the  planet  is  improved  and  the  great 
lustre  destroyed,  if  a  slightly  green-coloured  glass  be  placed  before 
the  eye-glass  of  the  telescope,  in  a  similar  manner  as  darkened 
glasses  are  used  for  observations  of  the  sun^ 

The  low  altitudes  at  which  the  observations  are  generally  made, 
constitute  another  difficulty,  the  irregular  effects  of  refraction 
interfering  materially  with  tiie  appearance.  Some  observers  have 
consequently  contended  that  the  best  position  for  observations 
upon  it,  is  near  superior  conjunction,  when  its  phase  is  full,  and 
when  by  proper  expedients  it  may  be  observed  at  midday  within 
a  few  degrees  of  the  sun's  disk. 

The  planet  can,  however,  be  favourably  observed  with  a  moderately' 
good  telescope;  about  the  time  of  greatest  eloii^\ioTi,  ^;xmsi%  ^^o:^ 
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part  of  the  day  within  the  limits  of  three  hours  before  and  after 
the  meridian  passage^  by  taking  the  precaution  of  using  the  alightlj 
coloured  glass  preyiously  mentioned. 

334.  Keal  diameter.  —  The  linear  value  of  V^  at  Venus,  when 
she  appears  as  a  thin  crescent  near  her  inferior  conjunction,  is 
127*2  miles.  At  this  distance  her  apparent  diameter  is  61^^ ;  and 
her  real  diameter  about  7760  miles.  The  magnitude  of  Yenua  is, 
therefore,  nearly  equal  to  that  of  the  earth. 

335.  Mass  and  densltj. — By  the  methods  already  explained, 
it  has  been  ascertained  that  the  mass  of  Venus  is  greater  than  that 
of  the  earth  in  the  ratio  of  113  to  100 ;  and  as  the  volumes  are 
nearly  equal,  their  densities  are  also  nearly  equaL 

336.  Superlleial  rravitj.  —  All  the  conditions  which  afi^ 
the  gravity  of  bodies  on  the  surface  of  Venus  being  the  same,  or 
nearly  so,  as  those  which  affect  bodies  on  the  earth,  the  superficial 
gravity  is  nearly  the  same. 

337.  Solar  ligrlit  and  beat.  —  The  density  of  the  solar  rays  is 
greater  than  upon  the  earth  in  the  inverse  ratio  of  the  squares  of 
the  numbei'd  7  and  10,  which  express  their  distances  from  the  sun. 
The  intensity  is,  therefore,  greater  at  Venus  in  the  ratio  of  2  to  i . 

The  relative  apparent  magnitudes  of  the  sun's  disk  at  Venus  and 
the  earth  are  represented  at  v  and  e,^.  60.    Owing  to  the  very 

small  excentricity  of  the  orbi^ 
this  magnitude  is  not  subject 
to  any  very  sensible  variation. 
338.     Rotation  —  pro- 
Fig.  60.  bable      mountains.  —  Al- 
though there    is  very  little 
doubt  of  the  fact  that  this  planet  has  a  diurnal  rotation  analogous 
to  that  of  the  earth,  the  observations  which  might  have  been  ex- 
pected to  demonstrate  it  in  a  satisfactoiy  manner  have  been 
obstructed  by  the  causes  already  noticed  (333).    Nevertheless 
Cassini,  in  the  17th  century,  and  Schroter  towards  the  close  of 
the  1 8th,  with  instruments  very  inferior  to  the  telescopes  of  the 
present  day,  deduced  &om  the  phases  a  period  of  rotation  in 
complete  accordance  with  the  results  of  the  most  recent  obser- 
vations. 

These  astronomers  found  that  the  points  of  the  horns  of  the 
crescent  observed  between  inferior  conjunction  and  greatest 
elongation,  appeared  at  certain  moments  to  lose  their  sharpness,  and 
to  become  as  it  were  blunted.  This  appearance  was,  however,  of 
very  short  duration,  the  horn  after  some  minutes  always  recovering 
its  sharpness.  Such  an  effect  would  obviously  be  produced  by  a 
local  irregularity  of  surface  on  the  planet,  such  as  a  lofty  mountain 
which  would  throw  a  long  shadow  over  that  part  of  the  surface 
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which  would  form  the  point  of  the  horn.  NoW;  admitting  this  to 
be  the  cause  of  the  phenomenon^  it  ought  to  be  reproduced  by  the 
same  mountain  at  equal  intervals^  this  interval  being  the  time  of 
rotation  of  the  planet.  Such  a  periodical  recurrence  was  accord- 
ingly ascertained^ 

339.  Obserratioiui  of  OaMilnli  Benebel*  and  Soliroter.*- 
From  such  observations  the  elder  Oassini^  so  early  as  1667;  inferred 
the  time  of  rotation  of  the  planet  to  be  23^  16™;  a  period  not  very 
different  &om  that  of  the  earth.  Soon  affcer  this,  Bianchini,  an 
Italian  astronomer^  published  a  series  of  observations  tending  to 
call  in  doubt  the  result  obtained  by  Cassini,  and  showing  a  period 
of  576  hours.  Sir  'VSHlliam  Herschel  resumed  the  subject^  aided 
by  his  powerful  telescopes,  in  1780,  but  without  arriving  at  any 
satis&ctory  refiolt^  except  the  fact  that  the  planet  is  invested  with 
a  very  dense  atmosphere.  He  found  the  cusps  (contrary  to  the 
observations  of  Cassini,  and,  as  we  shall  see,  of  more  recent  astro- 
nomers) always  sharp,  and  free  from  irregularities.  Schroter  jnade 
a  series  of  most  elaborate  observations  on  this  planet,  with  a  view 
to  the  determination  of  its  rotation.  He  considered  not  only  that 
he  saw  periodical  changes  in  the  form  of  the  points  of  the  horns, 
but  also  spots,  which  had  sufficient  permanency  to  supply  satisfactory 
indications  ci  rotation.  From  such  observations  he  inferred  the 
time  of  rotation  to  be  23**  21"  7**98.  From  observations  upon 
the  horns,  he  inferred  also  that  the  southern  hemisphere  of  the 
planet  was  more  mountainous  than  the  northern;  and  he  attempted 
from  observations  on  the  bluntness  periodically  produced  on  the 
southern  point  of  the  crescent,  to  estimate  the  height  of  some  of  the 
mountains,  which  he  inferred  to  amount  to  the  almost  incredible 
altitude  of  twenty-two  miles. 

340.  Observattoiis  of  HKBC.  Boor  and  Miidlor.  —  Timo  of 
rotation. — Although  the  estimate  of  the  planet's  rotation  resulting 
from  the  observations  of  Schroter,  corroborating  those  of  Cassini, 
has  been  generally  accepted  by  the  scientific  world,  the  question  was 
not  regarded  as  definitively  settled;  and  a  series  of  observations  was 
made  by  MM.  Beer  and  Madler,  between  1833  ^^^  1836,  which 
went  far  to  confirm  the  conclusions  of  Cassini  and  Schr5ter ;  and 
the  still  more  recent  observations  of  De  Yico  at  Rome  may  be 
considered  as  removing  all  doubt  that  the  period  of  the  planet's 
rotation  does  not  vary  much  from  23i^ 

341.  Beer  and  Madler's  dlayrains  of  Venus.  —  In^.  61, 
are  represented  a  series  of  eighteen  diagrams  o£  the  planet,  selected 
from  a  much  greater  number  made  by  MM.  Beer  and  Madler  at  the 
dates  indicated  above.  These  drawings  were  taken  when  the 
planet  was  approadiing  inferior  conjunction,  the  planet  being 
observed  either  before  sunset  or  during  twilight. 


K>4.  ASTBONOKT. 

Iftbe  BUT&ce  of  the  planet  were  exempt  fram  GonadetaUe 
inequalities,  the  concave  edge  of  the  creacent  would  be  a  sennble 
ellipse,  mbject  to  no  other  deficiency  of  perfect  ngnlarity   and 

•harpnest,  gave  such  ae  might  be  explained  hy  the  gndual  faintneee 


i(<((4t<< 


«(<(!<(( 


of  illiunination  due  to  the  atmospbeie  <^  Venu&  The  meve 
inspection  of  the  diagrams  is  enough  to  show  that  such  is  not  tlte 
appearance  of  the  disk.  IrregularitieB  of  curvature  and  of  the  fonns 
(rf  the  cusps  are  apparent,  which  can  onlj  arise  &om  corresponding^ 
irregularities  of  the  surface  of  the  planet.  If  the  want  of  ^arpneaa 
in  die  horns  of  tiie  crescent  arose  from  any  efiect  produced  by  the 
terrestrial  atmosphere  on  the  optical  image  of  the  disk  it  would 
equally  affect  both  cusps.  Several  of  the  disgranu,  for  example 
^t.  1,  2,  3,  7,  S,  i;,  17,  are  at  variance  with  such  an  hypotbesia, 
the  cusps  being  obviously  different  in  form. 

In  corroboration  of  the  observations  of  Schr&ter,  it  was  ascer- 
tained that  the  southern  cusp  was  subject  to  greater  and  more 
Sequent  changes  of  form  than  the  northern,  tram  which  it  was 
inferred  that  the  southern  hemisphere  of  the  planet  is  the  mor« 
mountainous.  It  is  remarkable  that  the  same  character  is  found 
to  prevail  on  the  moon. 

It  was  not  only  observed  that  the  irregularities  of  the  concave 
edge  of  the  crescent  were  subject  to  a  change  visible  from  5"  to 
5°*,  but  that  the  same  forms  were  reproduced  after  an  interval 
of  iji**,  subject  to  an  error  not  exceeding  from  j  to  10  minutes. 

342.  Mor«  r«o«nt  otaerrstloDa  of  Se  Tlco. — M.  De  Vico, 
observing  at  a  still  later  date  at  Rome,  favoured  by  the  clear  sky 
of  Italy,  made  several  thousand  measurements  of  the  planet  in  its 
phases,  the  general  result  of  which  is  in  such  complete  accordance 
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with  those  of  MM.  Beer  and  Madler^  that  the  fact  of  the  plaaefs 
rotation  may  be  now  regarded  as  satisfactorily  demonstrated^  and 
that  its  period  does  not  differ  much  from  23^  1 5". 

343.  BlreotloB  of  tbe  meIs  of  rotatloB  luuwooitftlBOd. —  If 
such  difficulties  haye  attended  the  mere  detennination  of  the 
rotation,  it  will  be  easily  conceiyed  that  those  whidi  hate  at- 
tended the  attempts  to  ascertain  the  direction  of  the  axis  of 
rotation  haye  been  much  more  insurmountable.  The  obseryations 
aboye  described,  by  which  the  rotation  has  been  established, 
supply  no  ground  by  which  the  direction  of  the  axis  could  be 
ascertained.  No  spot  has  been  seen,  the  direction  of  whose  motion 
could  indicate  that  of  the  axis.  It  was  conjectured,  with  little 
probability,  by  some  obseryers,  that  the  axis  was  inclined  to  the 
orbit  at  the  angle  of  75^.  This  conjecture,  howeyer,  has  not  been 
confirmed. 

344.  TwUiglit  OB  Vonno  aad  MeroiwT< — The  existence  of 
an  extensiye  twilight  in  these  planets  has  been  well  ascertained. 
By  obserying  the  concaye  edge  of  the  crescent  which  corresponds 
to  the  boundaiy  of  the  illuminated  and  dark  hemispheres,  it  is 
found  that  the  enlightened  portion  does  not  terminate  suddenly, 
but  there  is  a  gradual  fading  away  of  the  light  into  the  darkness, 
produced  by  the  band  of  atmosphere  illuminated  by  the  sun  which 
oyerhangs  a  part  of  the  dark  hemisphere,  and  produces  upon  it  the 
phenomena  of  twilight. 

Some  obseryers  haye  seen  on  the  dark  hemisphere  of  the  planet 
Venus  a  faint  reddish  and  greyish  light,  yisible  on  parts  too  distant 
£rom  the  illuminated  hemisphere  to  be  produced  by  the  light  of 
the  sun.  It  was  conjectured  that  these  effects  are  indications  of 
the  play  of  some  atmospheric  phenomena  in  this  planet  similar  to 
the  aurora  boreeUis. 

It  may  be  stated  generally,  that  so  far  as  relates  to  the  physical 
condition  of  the  inferior  planets,  the  whole  extent  of  our  certain 
knowledge  of  them  is,  that  they  are  globes  like  the  earth,  illu- 
minated and  warmed  by  the  sun ;  that  they  are  inyested  with 
atmospheres  probably  more  dense  than  that  of  the  earth ;  and  since 
obseryations  render  probable  the  existence  of  yast  masses  of  clouds 
on  Venus,  if  not  on  Mercury,  ansdogy  justifies  the  inference  that 
liquids  exist  on  these  planets. 

345 .  Spberoldal  fdrin  nnatcertainod — sBSpoeted  satoUitOa 
—  One  of  the  phenomena  from  which  the  rotation,  as  well  as  the 
direction  of  the  axis,  might  be  inferred,  is  the  spheroidal  form  of 
the  planet.  To  ascertain  this  by  obseryations  of  ^e  disk,  it  would 
be  necessary  to  see  the  planet  with  a  fiill  phase.  But  when  the 
inferior  planets  hayethat  phase,  they  are  near  superior  conjunction, 
and  therefore  lost  in  the  solar  light.    It  haa  b^u  tl<!ss^'*{^^<^'^ 
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contended,  that  when  Venus  is  most  remote  £rom  her  node,  she  is 
sufficiently  removed  from  the  plane  of  the  ediptie  to  be  observed 
with  a  good  telescope  at  noon  when  in  superior  oonjunctioa.  No 
observation,  however,  of  this  kind  has  ever  yet  been  made,  and  the 
spheroidal  form  of  the  planet  is  unascertained. 

This  planet  was  observed  with  the  transit-circle  at  the  Boyal 
Observatory,  Oreenwich,  on  the  19th  of  February,  1858,  when 
veiy  near  superior  conjunction,  the  interval  of  time  between  the 
passages  of  ike  planet  and  sun  over  the  meridian  being  less  than 
six  minutes.    The  image  of  Venus  was,  however,  very  tromulous. 

Several  observers  of  the  last  two  centuries  concurred  in  main- 
taining that  they  had  seen  a  satellite  of  Venus.  Casdni,  the  elder, 
imagined  he  saw  such  a  body  near  the  planet  on  the  25th  of 
January,  1672,  and  again  on  the  27th  of  August,  1686  ;  Shorty  the 
well-known  optical  instrument  maker,  on  the  3rd  of  November, 
1740 ;  Montaigne,  the  French  astronomer,  in  May,  1761 ;  several 
observers  in  March,  1 764,  all  agree  in  reporting  observatioiis  of 
sucJi  a  body.  In  each  case  the  phase  was  similar  to  that  of  Veniw, 
and  the  apparent  diameter  about  a  fourth  of  that  of  the  planet.  By 
collecting  these  observations,  Lambert  computed  the  orbit  of  the 
supposed  satellite. 

In  opposition  to  all  this,  it  may  be  stated  that  notwithstanding 
the  immense  improvement  in  optical  instruments,  and  especially 
In  the  construction  of  telescopes  of  power  far  surpassing  any  of 
which  the  observers  before  the  present  century  were  in  possession, 
no  trace  of  such  a  body  has  been  detected,  although  observers  have 
increased  in  number,  activity,  and  vigilance,  in  a  proportion 
greater  still  than  that  of  the  improvement  of  telescopes.  It  must, 
therefore,  be  concluded,  at  least  for  the  present,  that  the  supposed 
appearances  recorded  by  former  observers  were  illusive. 

IV.  Maes. 

346.  Vosltion  In  tbe  system. — Proceeding  outwards  from  the 
sun,  the  next  planet  in  the  order  of  distance  is  the  earth.  The 
next  in  succession  is  Mass,  whose  orbit  circumscribes  that  of  the 
earth. 

347.  Period. —  The  synodic  period  of  Mars  is  found  by  observa- 
tion to  be  780  days,  and  the  sidereal  period  686'98  days. 

The  earth's  period  being  taken  as  the  imit,  the  period  of  Mars 
will  therefore  be  i  '8 8 1 . 

348.  Mean  distance  from  ttae  son. — The  mean  distance  of 
Mars  from  the  sun  is  i  '5237,  that  of  the  earth  being  unity }  or  in 
round  numbers  about  145  millions  of  miles. 

.    349.  Bzcentrtolty — mean  and  extreme  distances  from  the 
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■an  Mid  Mtrtb. — Tlia  excentridt;  of  the  orbit  of  Hare  being 
about  0-0935,  ^^^  distance  from  tbe  min  ie  salject  to  a  variftdon, 
the  extreme  amount  of  which  ia  leas  than  one-tenth  of  its  mean 
TBlue,    The  extreme  diatanraa  aie 

158^ million  of  mileais  aphelion. 

131 J  million  of  milea  in  periheliou. 

1  distoncea  of  tlie  planet  from 


In  opposition 
In  conjunction 
Inquadiatuie 


491  million  of  miles. 
239}  million,  of  milea. 
1 09  million  of  miles. 


These  distances  are  aubject  to  Taiiation,  whose  extreme  limit 
ia  about  1 5  millions  of  miles,  owing  to  the  combined  effects  of  the 
excenturicities  of  the  two  orbits.  Although  the  mean  distance  of 
the  planet  in  oppoaitiou  from  the  earth  is  about  Half  the  distance 
of  the  Bun,  it  may  in  certwn  poaittons  of  the  orbit  come  within  a 
distance  of  3  5  hundredths  of  the  sun's  distance.  In  the  opposition 
which  tooli  place  in  September,  1 830,  the  distance  of  the  planet 
WHS  only  38  hondredths  of  the  sun's  mean  distance. 

350.  SoBle  vr  orbit  r«lKtlT«l7  to  tlisit  ef  tlw  eartb. —  If  B, 
Jig.  62,  represent  the  poudon  of  the  eun,  and  s  u  the  distance  of 
Mars,  the  orbit  of  the  earth  will  be  represented  by  e  e"b"'e'. 

3JI.  SlTlaloasf tbe 
■ynodlo  period. — The 
earth  is  at  b"'  when 
Mors  is  in  conjuncdon, 
at  E'when  in  quadrature 
west  of  the  sun,  at  e 
when  in  opposition,  and 
at  e"  when  in  quadrature 
east  of  the  sun. 

The  ang:le  of  elonga- 
tion s  b'm  being  90°, 
and  the  mean  value  of 
8  jt  being  1-52,  that  of 
8  E'  being  expressed  by 
I,  it  follows  that  the 
angle  e'su  will  be  about 
48°,  and  therefore  b'be'" 

Since  tlje  synodic  pe- 
riod is  780  days,  the 
meantime  between  qua- 
drature  and  opposition 

wiiibft 
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^   X  780  =  104  days; 
300 

and  the  mean  time  between  quadrature  and  conjunetion  will  be 


iH  X  780  =  286  days. 
360 

352.  Appareat  motion. — The  various  changes  of  the  apparent 
positions  of  the  planet  and  sun  during  the  synodic  period  may, 
therefore^  be  easily  explained.  At  conjunction  the  eairth  being  at 
'b!",  the  planet  and  sun  pass  the  meridian  together.  In  this  case, 
the  planet  being  above  the  horizon  only  during  the  day,  ia  not 
visible.  Affcer  conjunction,  the  planet  passes  the  meridiaa  in  the 
forenoon,  and  is  therefore  visible  above  the  eastern  horizon  before 
simrise.  Before  conjunction  it  passes  the  meridian  in  the  after- 
noon, and  is  therefore  visible  above  the  western  horixon  after 
sunset. 

At  the  time  of  the  western  quadrature,  the  earth  being  at  b',  the 
planet  passes  the  meridian  about  6  a.m.,  and  at  the  time  of  western 
quadrature,  the  earth  being  at  E^^,  it  passes  the  meridian  about  6  p  jl 
The  planet  has  these  positions  about  286  days,  more  or  less,  after 
and  before  its  conjunction. 

At  the  time  of  opposition,  the  earth  being  at  E,  the  planet  passes 
the  meridian  at  mickiight;  and  is  therefore  above  the  horizon  £rom 
sunset  till  sunrise.  Before  opposition  it  passes  the  meridian  before 
midnight,  and  is  above  the  horizon  chiefly  during  the  later  part  of 
the  night,  and  after  opposition  it  passes  the  meridian  after  mid- 
night, and  is  th^^ore  above  the  hoiizon  chiefly  during  the  earlier 
part  of  the  night 

The  interval  during  which  it  is  visible  more  or  less  in  the 
absence  of  the  sun,  being  that  during  which  it  passes  fix)m  western 
to  eastern  quadrature  through  opposition  is,  in  the  case  of  Mars, 
208  days. 

353.  Mattona  and  retrofreaaioiU'— The  elongations  at  which 
Mars  is  stationary,  and  the  lengths  of  his  arc  of  retrogression,  vary 
to  some  extent  with  the  distances  of  the  planet  from  the  sun  and 
earth,  which  distances  depend  on  the  ellipticity  of  the  two  orbits, 
and  the  direction  of  their  major  axes.  In  1 860,  Mars  was  in 
opposition  on  the  17th  of  July,  and  was  stationary  on  the  1 7th  of 
June  and  1 8th  of  August.    The  right  ascension  on  these  days  was, 

17th  of  June    .    B.A.         =         2o'»  13"  49' 
i8th  of  August     B.iL.         T^         19    27    19 

Difference    se  4^    30 

It  follows,  therefore,  that  the  extent  of  retrogression  in  right 
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ascension  at  this  opposition  was  46"»  30%  which  reduced  to  angular 
magnitude  is  1 1*'  37'  30", 

354.  Pbases. — At  opposition  and  conjunction  the  same  hemi-* 
sphere  being  turned  to  the  earth  and  sun^  the  planet  appears  with 
a  full  phase.  In  all  other  positions  the  lines  drawn  from  the  planet 
to  the  earth  and  sim,  making  with  each  other  an  acute  angle  of 
greater  or  less  magnitude,  the  phase  will  be  deficient  of  complete 
fulness,  and  the  planet  will  be  gibbous,  more  so  the  nearer  it  is  to 
its  quadrature,  in  which  position  the  lines  drawn  to  the  eartih  and 
Sim  make  the  greatest  possible  angle,  which  being  the  complement 
of  e'  s  'Hi,  fig.  6  2,  will  be  90**— 48^=42**.  Of  the  entire  hemisphere 
presented  to  the  earth,  138**  will  therefore  be  enlightened  and  42** 
dark.  The  corresponding  form  of  the  disk,  as  can  easily  be  deduced 
from  the  common  principles  of  projection,  will  be  that  which  is  re- 
presented in^.  63,  the  dark  pwt  being  indicated  by  the  dotted  line. 

The  gibbosity  will  be  less,  the  nearer  the  planet  approaches  to 
opposition  or  conjunction. 

355.  Apparent  and  real  diameter. — The  apparent  diameter 
of  Mars  in  opposition  varies  between  rather  wide  limits,  in  conse- 
quence of  the  variation  of  its  distance  from  the  earth  in  that 
position,  arising  from  the  causes  explained  above.  When  at  its 
mean  distance  at  opposition  the  apparent 

magnitude  does  not  exceed  i  d'^,  and  at  con- 
junction it  is  reduced  to  3 ''7. 

In  1830,  soon  after  opposition,  when  its 
distance  from  the  earth  was  38*4  million 
of  miles,  it  exhibited  a  diameter  of  22'';  the 
linear  value  of  \"  at  that  distance  being 
1857  miles,  which  gives  for  the  real  diameter 
4085  miles. 

356.  Solar  liffbt  and  beat.  —  The  mean  p^g  5^ , 
distance  of  the  earth  from  the  sun  being 

less  them  that  of  Mars  in  the  ratio  of  10  to  15,  the  apparent  dia- 
meter of  the  sun  as  seen  from  Mars  will  be  less  than  its  diameter 
as  seen  from  the  earth  in  the  same  ratio.  If  e,^.  64,  represent 
the  apparent  disk  of  the 
sun  as  seen  from  the 
earth,  M  will  represent 
its  apparent  disk  as  seen 
from  Mars. 

Since   the  density  of 
the  solar  radiation  de-  Fi^'.  64. 

creases  as  the  square  of 

the  distance  increases,  its  density  at  Mara  will  be  less  than  at  the 
earth  in  the  ratio  of  4  to  9. 
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So  far  OS  tbe  illuminating  and  heating  powers  of  the  Bolar  rays 
depend  on  their  density^  they  will,  therefore^  he  less  in  the  same 
proportion. 

357.  Xotatton. — There  is  no  body  of  the  solar  system^  the 
moon  alone  excepted,  which  has  been  submitted  to  such  rigorous 
and  successful  telescopic  examination  as  Mars.  Its  proximity 
to  the  earth  in  opposition,  when  it  is  seen  on  the  meridian  at 
midnight  with  a  full  phase,  affords  great  facility  for  this  kind  of 
observation. 

By  observing  the  permanent  lineaments  of  light  and  shade 
exhibited  by  the  disk,  its  rotation  on  its  axis  can  be  distinctly 
seen,  and  has  been  ascertained  to  take  jdace  in  24**  37"  20*, 
the  axis  on  which  it  revolves  appearing  to  be  inclined  to  the 
plane  of  the  planet's  orbit  at  an  angle  of  28°  27'.  The  exact 
direction  of  the  axis  is,  however,  still  subject  to  some  nncev- 
tainty. 

358.  Bays  and  nlgrbts.  —  It  thus  appears  that  the  days  and 
nights  in  Mars  are  nearly  the  same  as  on  the  earth,  that  the  year 
is  diversified  by  seasons,  and  the  surfiice  of  the  planet  by  zones 
and  climates  not  very  different  from  those  which  prevail  on  our 
globe.  The  tropics,  instead  of  being  23°  28',  are  28°  27'  firom 
the  equator,  and  the  polar  circles  are  in  the  same  proportion  more 
extended. 

359.  Seaions  and  climates. — The  year  consists  of  668  Mar- 
tial days  and  1 6  hours,  the  Martial  being  longer  than  the  terrestrial 
day  in  the  ratio  of  100  to  97. 

Owing  to  the  excentricity  of  the  planet's  orbit,  the  summer  on  the 
northern  hemisphere  is  shorter  than  on  the  southern  in  the  ratio  of 
100  to  79,  but  owing  to  the  greater  proximity  of  the  sun,  the 
intensity  of  its  light  and  heat  during  the  shorter  northern  summer 
is  greater  than  during  the  longer  southern  summer  in  the  ratio  of 
1 45  to  1 00.  From  the  same  causes,  the  longer  northern  winter 
is  less  inclement  than  the  shorter  southern  winter  in  the  same 
proportion. 

There  is  thus  a  complete  compensation  in  both  seasons  in  the 
two  hemispheres. 

The  duration  of  the  seasons  in  Martial  days  in  the  northern 
hemisphere  is  as  follows : — spring  192,  summer  1 80,  autumn  i  50, 
winter  147. 

360.  Observations  and  researcbes  of  Messrs.  Beer  and 
Madler. —  It  is  mainly  to  the  persevering  labours  of  these  eminent 
observers  that  we  are  indebted  for  all  the  physical  infomiation  we 
possess  respecting  the  condition  of  the  surface  of  this  planet. 
Their  observations,  commenced  at  an  early  epoch,  were  regulaily 
organised  at  the  time  of  the  opposition  of  183O;  with  a  view  to 
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ascertain  with  certainty  and  precision  the  time  of  rotation  of  the 
planet;  the  position  of  its  axis^  and;  so  far  as  might  be  practicable, 
a  survey  of  its  surface.  These  observations  have  been  continued 
during  every  succeeding  opposition,  in  which  the  planet  having 
northern  declination  rose  to  a  sufficient  altitude,  and  was  made 
visible  by  a  telescope  by  Fraunhofer  of  four  and  a  half  feet  focal 
length;  parallaclically  moimted,  and  moved  by  clockwork,  so  as  to 
keep  the  planet  in  the  field  of  view  notwithstanding  the  diurnal 
motion  of  the  earth. 

361.  Areograpbic  cliaraoter. — That  many  of  the  lineaments 
observed  are  areographic,  and  not  atmospheric,  is  established  be- 
yond all  contestation  by  their  permanency.  They  are  not  always 
visible,  and  when  visible  not  always  equally  distinct;  but  are 
observed  tp  retain  the  same  forms,  no  matter  how  distant  may  be 
the  intervals  at  which  they  may  be  submitted  to  examination. 
,The  elaborate  researches  and  observations  of  MM.  Beer  and  Madler, 
which  commenced  with  the  opposition  of  1830,  were  continued 
with  unwearied  assiduity  in  every  succeeding  opposition  of  the 
planet  for  twelve  years,  so  far  as  the  varying  declination  and  the 
state  of  the  weather  at  the  epochs  of  the  oppositions  permitted. 
The  same  spots,  characterised  by  the  same  forms,  and  the  same 
varieties  of  light  and  shade,  were  seen  again  and  again  in  each 
succeeding  opposition.  Changes  of  appearance  were  manifest,  but 
through  those  changes  the  permanent  features  of  the  planet  were 
always  discerned;  just  as  the  seas  and  continents  of  the  earth  may 
be  imagined  to  be  distinguishable  through  the  occasional  openings 
in  the  clouds  of  our  atmosphere  by  a  telescopic  observer  stationed 
on  Mars. 

362.  Telescopic  views  of  Mars — areo§rrapliic  charts  of  tbe 
two  henilsplieres. — A  large  collection  of  drawings  of  the  various 
hemispheres  of  Mars  presented  to  the  observer  has  been  made  by 
MM.  Beer  and  Madler.  Thirty-five  were  made  during  the  oppo- 
sition of  1830,  upwards  of  thirty  during  that  of  1837,  and  forty 
during  that  of  1 841,  &om  a  comparison  of  which,  charts  were 
made,  showing  the  permanent  areographic  lineaments  of  the 
northern  and  southern  hemispheres. 

In  Plate  XVII.  we  have  given  six  views,  selected  from  those 
of  Beer  and  Madler,  with  the  dates  subjoined.  In  Plate  XVni. 
are  given  the  areographic  charts  of  the  two  hemispheres.  It  will 
be  observed,  that  as  each  spot  approaches  the  edge  of  the  disk,  its 
apparent  form  is  modified  by  the  effect  of  foreshortening,  owing  to 
the  obliquity  of  the  surface  of  the  planet  to  the  visual  ray. 

363.  Polar  snow  observed. —  All  the  lineaments  exhibited  in 
these  drawings  were  found  to  be  permanent,,  except  the  remarkable 
white  spots  which  cover  the  polar  regions.     These  circular  «x<5iw^ 
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presented  the  appearance  of  s  dazzling  whitenefla,  and  one  of  tJiera 
was  BO  exactly  defined  and  so  sharply  terminated,  that  it  seemed 
like  the  fiill  disk  of  a  small  and  very  brilliant  ^anet  projected 
upon  the  disk,  and  near  the  edge  of  a  larger  and  darker  one.  The 
appearance,  position^  and  changes  of  these  white  polar  apota  have 
suggested  to  all  the  observers  who  have  witnessed  them,  the  sup- 
position that  they  proceed  from  the  polar  snows  aocomulated 
during  the  long  winter,  and  which,  during  the  equally  protracted 
sunmier  by  exposure  to  the  solar  rays,  more  full  by  7**  than  at  the 
poles  of  the  earth,  are  partially  dissolyed,  so  that  the  diameter  of 
the  snow  circle  is  diminished. 

The  increase  and  diminution  of  this  white  circle  takes  place  at 
epochs  and  in  positions  of  the  axis  of  the  planet  such  as  are  in 
complete  accordance  with  this  supposition. 

3 64.  Vosttion  of  aireoffraplilo  meridiaiis  determined. — The 
leg  and  foot-shaped  spot  marked  j9  n  in  the  southern  hemisphere, 
was  distinctly  seen  and  delineated  in  all  the  oppositions.  This  was 
one  of  the  spots  from  the  apparent  motion  of  which  the  time  of  rota- 
tion was  deduced. 

The  spot  a  in  the  southern  hemisphere  connected  with  a  large 
adjacent  spot  by  a  sinuous  line,  was  also  one  of  those  whose  posi- 
tion was  most  satisfactorily  established.  This  spot  was  selected,  as 
the  observatory  of  Greenwich  has  been  upon  the  earth,  to  mark  the 
meridian  from  which  longitudes  are  reckoned. 

The  spot  efh,  chiefly  situate  in  the  southern,  but  projecting  into 
the  northern  hemisphere,  between  the  90th  and  105th  degrees  of 
longitude,  was  also  well  observed  on  repeated  occasions. 

According  to  Madler,  the  reddish  parts  of  the  disk  are  chiefly 
those  which  correspond  to  40°  long,  and  15°  lat.  S. 

The  two  concentric  dotted  circles  marked  round  the  south  pole, 
indicate  the  limits  of  the  white  polar  spot  as  seen  on  diflerent  occa- 
sions in  1 830  and  1837.  The  redness  of  this  planet  is  much  move 
remarkable  to  the  naked  eye  than  when  viewed  with  the  telescope. 
In  some  cases,  during  the  observations  of  MM.  Beer  and  Madler,  no 
redness  was  discoverable,  and  when  it  was  perceived  it  was  so  faint 
that  diflferent  observers  at  the  same  moment  were  not  agreed  as  to 
its  existence.  It  was  foimd  that  the  prevailing  colour  of  the  spots 
was  generally  yellow  rather  than  red. 

Independently  of  any  effect  which  could  be  ascribed  to  projection 
or  foreshortening,  it  was  found  that  the  lineaments  were  always 
seen  with  mijch  greater  distinctness  near  the  centre  of  the  disk 
than  towards  its  borders.  This  is  precisely  the  effect  which  might 
be  expected  from  a  dense  atmosphere  surrounding  the  planet. 

365.  Possible  satellite  of  Mam.  —  Analogy  naturally  suggests 
the  probability  that  the  planet  Mars  might  have  a  moon.    These 
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attendants  Appear  to  be  supplied  to  the  planets  in  aug)iiented 
numbers  as  they  recede  from  the  sun ;  and  if  this  analogy  were 
complete,  it  would  justify  the  inference  that  Mars  must  at  least  havei 
one,  being  more  remote  from  the  sun  than  the  earthy  which  is  sup- 
plied with  a  satellite.  No  moon  has  ever  been  discovered  in  con- 
nection with  Mars.  It  has,  however,  been  contended  that  we  are 
not  therefore  to  conclude  that  the  planet  is  destitute  of  such  an 
appendage ;  for  as  all  secondary  planets  are  much  less  than  their 
primaries,  and  as  Mars  is  by  far  the  smallest  of  the  superior  planets, 
its  satellite,  if  such  existed,  must  be  extremely  small.  The  second 
satellite  of  Jupiter  is  only  the  forty-third  part  of  the  diameter  of  the 
planet ;  and  a  satellite  which  would  only  be  the  forty-third  part  of 
the  diameter  of  Mars,  would  be  under  one  hundred  miles  in  dia- 
meter. Such  an  object  could  scarcely  be  discovered  even  by  power- 
ful telescopes,  especially  if  it  do  not  recede  far  from  the  disk  of  the 
planet. 

The  fact  that  one  of  the  satellites  of  Saturn  has  been  discovered 
only  within  the  last  few  years,  renders  it  not  altogether  improbable 
that  a  satellite  of  Mars  may  yet  be  discovered, ' 
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366.  £l  vacant  place  in  tbe  planetary  eeriee. — At  a  very 
early  epoch  in  the  progress  of  astronomy  it  was  observed  that  the 
progression  of  the  distances  of  the  planets  from  the  sun  was  cha- 
racterised by  a  remarkable  numerical  harmony,  in  which  neverthe- 
less a  breach  of  continuity  existed  between  Mars  and  Jupiter. 
This  arithmetical  progression  was  first  loosely  noticed  by  Kepler, 
but  it  was  not  untU  towards  the  close  of  the  last  century,  that  the 
more  exact  conditions  of  the  law  and  the  close  degree  of  approxi- 
mation with  which  it  was  fulfilled,  with  the  exception  just  noticed, 

was  fully  explained. 

This  numerical  relation  prevails  between  the  distances  of  the 
successive  orbits  of  the  other  planets  measured  from  that  of  the 
planet  Mercury.  It  was  observed  that  such  distances  formed  very 
nearly  a  series  in  duple  progression,  so  that  each  distance  is  twice 
the  preceding  one,  witli  the  sole  exception  already  mentioned. 
Although  this  law  is  not  fulfilled,  like  those  of  Kepler,  with  nume-* 
rical  precision,  there  is  nevertheless  so  striking  an  approximation  to 
it,  as  to  produce  a  strong  impiession  that  it  must  be  founded  ui^cm. 
tome  physical  cause,  and  not  merely  accideiitaL    ^o  ^o>r  ^^  ^ql^as: 
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approximation  to  the  exact  fulfilment  of  this  law,  we  hare  placed 
in  the  following  table  the  succession  of  calculated  distances  finom 
Mercury's  orbit^  which  will  exactly  fulfil  the  law,  in  juxtaposition 
with  the  actual  distances  of  the  planets,  the  earth's  distance  from 
the  Bttn  being  the  unit. 


Cslcolatcd  DiatanoefrMB 
Metasty. 

Actaal  DMnMftwD 

Venut     .... 
Rarth      .... 
Mara       .... 

Absent  planet     .          .          - 
Jupiter    .... 
^um     .... 
Uranus    .... 

1075&L 
11-5168 

ojj6r 
oiDiao 
1-1)65 

0-1518 
JW7955 

By  comparing  these  numbers^  it  will  be  apparent  that  although 
the  succession  of  distances  does  not  correspond  precisely  'with  a 
numerical  series  in  duple  progression^  there  is  neverthelesB  a  certain 
approach  to  such  a  series^  and  at  all  eyents^  a  glaring  brecu^h  ol 
continuity  between  Mars  and  Jupiter. 

Towards  the  close  of  the  last  centuiy,  Professor  Bode,  of  Berlin, 
reviyed  this  question  of  a  deficient  planet,  and  gaye  the  numerical 
progression  which  indicated  its  absence  in  the  form  in  which  it  has 
just  been  stated ;  and  an  association  of  astronomers  was  formed 
under  the  auspices  of  the  celebrated  Baron  de  Zach,  of  Gotha,  for 
the  express  purpose  of  organising  and  prosecuting  a  course  of  obser- 
yation,  with  the  special  purpose  of  searching  for  the  supposed 
undiscoyered  member  of  the  solar  system.  The  yery  remarkable 
results  which  haye  followed  this  measure,  the  consequences  of  wbich 
haye  not  eyen  yet  been  fidly  deyeloped,  will  presently  be  ap- 
parent. 

367.  mmeovery  of  Ceres.  0— -On  the  ist  of  January,  1801, 
being  the  first  day  of  the  present  century,  Professor  Piazzi,  observing 
in  the  fine  serene  sky  of  Palermo,  noticed  a  small  object  of  about 
the  7th  or  8th  magnitude  which  was  not  registered  in  the  cata- 
logues of  stars.  On  the  night  of  the  2nd,  on  again  obserying  it, 
he  found  that  its  position  relatiye  to  the  surroimding  stars  was 
sensibly  changed.  The  object  appearing  to  be  inyested  with  a  ne- 
bulous haze,  was  first  considered  a  comet,  and  M.  Piazzi  announced 
it  as  such  to  the  scientific  world.  An  approximate  orbit  being 
however  computed  by  Professor  Gauss,  of  Gottingen,  it  was  found  to 
have  a  period  of  1652  days,  and  a  mean  distance  horn  the  ^un  ex- 
pressed by  2*735,  ^^^  of  the  earth  being  i. 

By  comparing  this  distance  with  that  given  in  the  preceding  table, 
at  which  a  planet  was  presumed  to  be  absent,  it  will  be  seen  that 
the  object  thus  discovered  filled  the  place  with  striking  arithmetical 
precmoa*  ^  . 
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Piazzi  gave  to  this  new  member  of  the  system  the  name  Ceres. 

The  sidereal  periods  and  mean  distances  &om  the  sun  of  the 
planetoids^  determined  &om  the  most  recent  elements^  will  be 
found  in  the  concluding  chapter. 

368.  Biscovery  of  FalUw.  0 — Soon  after  the  discovery  of 
Ceres  the  planet  passing  into  conjunction  ceased  to  be  yisible.  In 
searching  for  it  after  emerging  from  the  sun's  rays,  in  March  1 802, 
Dr.  Olbers  noticed  on  the  28  th  a  small  stbr  in  the  constellation  of 
Virgo,  at  a  place  which  he  had  examined  in  the  two  preceding 
months,  and  where  he  knew  that  no  such  object  was  then  apparent. 
It  appeared  as  a  star  of  about  the  seventh  magnitude,  the  smallest 
which  is  visible  without  a  telescope.  In  the  course  of  a  few  hours  he 
found  its  position  visibly  changed  in  relation  to  the  surrounding  stars. 
In  fact  the  object  proved  to  be  another  planet  bearing  a  striking 
analogy  to  Ceres,  and  what  was  then  totally  unprecedented  in  the 
system,  moving  in  an  orbit  at  very  nearly  the  same  mean  distance 
from  the  sun,  and  having  therefore  nearly  the  same  period. 

Dr.  Olbers  called  this  planet  Pallas. 

The  magnitude  of  Pallas  when  in  that  portion  of  its  orbit  where 
its  distance  from  the  earth  is  the  greatest,  is  very  minute ;  and  is 
only  visible  with  the  assistance  of  telescopes  furnished  with  object- 
glasses  of  considerable  aperture. 

369.  Olbers*  liypothesis  of  a  fractured  planet. — This  cir- 
cumstance, combined  with  the  exceptional  minuteness  of  these  two 
planets,  suggested  to  Olbers  the  startling,  and  then,  as  it  must  have 
appeared,  extravagantly  improbable  hypothesis,  that  a  single  planet 
of  the  ordinary  magnitude  existed  formerly  at  the  distance  indi- 
cated by  Bode's  analogy, — that  it  was  broken  into  small  fragments 
either  by  internal  explosion  from  some  cause  analogous  to  volcanic 
action,  or  by  collision  with  a  comet, — that  Ceres  and  Pallas  were 
two  of  its  fragments,  and  that  it  was  very  likely  that  many  other 
fragments,  smaller  still,  were  revolving  in  similar  orbits,  many  of 
which  might  reward  the  labour  of  future  observers  who  might  direct 
their  attention  to  these  regions  of  the  firmament. 

In  suppoii;  of  this  curious  conjecture  it  was  urged  that  in  the  case 
of  such  a  catastrophe  as  was  involved  in  the  supposition,  the 
fragments,  according  to  the  established  laws  of  physics,  would  ne- 
cessarily continue  to  revolve  in  orbits  not  differing  much  in  their 
mean  distances  from  that  of  the  original  planet ;  that  the  obHquities 
of  the  orbits  to  each  other  and  to  that  of  the  original  planet  might 
be  subject  to  a  wider  limit ;  that  the  excentricities  might  also  have 
exceptional  magnitudes;  and,  finally,  that  such  bodies  might  be 
expected  to  have  magnitudes  so  indefinitely  minute  as  to  be  out  of 
all  analogy  or  comparison,  not  only  with  the  other  primary  planets, 
but  even  with  the  smallest  of  the  secondary  onea« 
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Ceres  and  Pallas  both  were  so  small  as  to  elude  all  attempts  to 
estimate  their  diameters,  real  or  apparent  They  appeared  like 
stellar  points  with  no  appreciable  disk,  but  surrounded  with  a 
nebulous  haziness,  which  would  have  rendered  very  uncertain  any 
measurement  of  an  object  so  minute.  Sir  W.  Herschel  thought 
that  Pallas  did  not  exceed  75  miles  in  diameter.  Others  have 
admitted  that  it  might  measure  a  few  hundred  miles.  Ceres  is 
still  smaller.  Some  of  the  most  minute  of  these  bodies  "which  have 
been  more  recently  discovered,  are  supposed  to  be  only  a  few  miles 
in  diameter. 

The  obliquity  of  the  orbit  of  Ceres  to  the  plane  of  the  ecliptic  is 
above  io^°  and  that  of  Pallas  more  than  34^°.  Both  planets 
therefore,  when  most  remote  from  the  ecliptic,  pass  far  beyond  the 
limits  of  the  zodiac,  and  differ  in  obliquity  from  each  other  by 
a  quantity  far  exceeding  the  entire  inclination  of  any  of  the  older 
planets. 

It  was  further  observed  by  Dr.  Gibers,  that  at  a  point  near  the 
descending  node  of  Pallas  the  orbits  of  the  two  planets  very  nearly 
coincided. 

Thus  it  appeared  that  all  the  conditions  which  rendered  these 
bodies  exceptional,  and  in  which  they  differed  fix)m  the  other 
members  of  the  solar  system,  were  precisely  those  which  "were 
consistent  with  the  hypothesis  of  their  origin  advanced  by  Dr. 
Olbers. 

370.  Biscovery  of  Juno.  ©^— A  year  and  a  half  elapsed  before 
any  further  discovery  was  produced  to  favour  this  hypothesis. 
Meanwhile  observers  did  not  relax  their  zeal  and  their  labours,  and  on 
the  1st  of  September,  1 804,  at  ten  o'clock  p.  M.,  Professor  Harding, 
of  Lilienthal,  Germany,  discovered  another  minute  planet,  which 
observation  soon  proved  to  agree  in  all  its  essential  conditions  with 
the  hypothesis  of  Olbers,  having  a  mean  distance  very  nearly  equal 
to  those  of  Ceres  and  Pallas,  an  exceptional  obliquity  of  1 3°,  and 
a  considerable  excentricity. 

This  planet  was  named  Juno, 

Juno  has  the  appearance  of  a  star  of  the  ?th  magnitude,  when 
in  the  most  favourable  position  of  its  orbit  for  observation,  and  is 
of  a  reddish  colour.  It  was  discovered  with  a  very  ordinary 
telescope  of  30  inches  focal  length  and  2  inches  aperture. 

371.  Bisoovery  of  Vesta.  © — On  the  29th  of  March,  1807, 
Dr.  Olbers  discovered  another  planet  imder  circumstances  precisely 
similar  to  those  already  related  in  the  cases  of  the  former  dis- 
coveries. The  name  Vesta  was  given  to  this  planet,  which,  in  its 
minute  magnitude  and  the  character  of  its  orbit,  was  analogous  to 
Ceres,  PaUas,  and  Juno. 

Vesta  is  the  brightest  and  apparently  the  largest  of  all  thi^ 


THE  PLANETOIDS.  217 

group  of  planets^  and  when  in  opposition^  appears  as  a  star  of  the 
seventh  magnitude,  and  may  be  sometimes  distinguished  by  good 
and  practised  eyes  without  a  telescope.  Observers  differ  in  their 
impressions  of  the  colour  of  this  planet.  Harding  and  other  Ger- 
man observers  consider  her  to  be  reddish ;  others  contend  that  she 
is  perfectly  white.  Mr.  Hind  says  that  he  has  repeatedly  examined 
her  under  various  powers,  and  «dways  received  the  impression  of  a 
pale  yellowish  cast  in  her  light. 

372.  Biscovery  of  tbe  otber  Vlanetoids. — The  labours  of 
the  observers  of  the  beginning  of  the  century  having  been  now 
prosecuted  for  some  years  without  further  results,  were  discontinued, 
and  it  is  probable  that  but  for  the  admirable  charts  of  the  stars 
which  have  been  since  published,  no  other  members  of  this  remark- 
able group  of  planets  would  have  been  discovered.  These  charts, 
however,  containing  all  the  stars  up  to  the  9th  or  i  oth  magnitude, 
included  within  a  zone  of  the  firmament  30°  in  width,  extending 
to  1 5°  on  each  side  of  the  celestial  equator,  supplied  so  important 
and  obvious  an  instrument  of  research,  that  the  subject  was  again 
resumed  with  a  better  prospect  of  successful  results.  It  was  only 
necessary  for  the  observer,  map  in  hand,  to  examine,  degree  by 
degree,  the  zone  within  which  such  bodies  are  known  to  move, 
and  to  compare,  star  by  star,  the  heavens  with  the  map.  When 
a  star  is  observed  which  is  not  marked  on  the  map,  it  is  watched . 
from  hour  to  hour,  and  from  night  to  night,  though,  in  general, 
observations  made  at  intervals  of  a  few  hours  are  sufficient  to 
detect  its  planetary  nature,  provided  the  suspected  object  be  a 
planet.  If  it  do  not  change  its  position  it  must  be  inferred  that  it 
has  been  omitted  in  the  construction  of  the  map,  and  it  is  marked 
upon  it  in  its  proper  place.  If  it  change  its  position  it  must  be 
inferred  to  be  a  planet,  and"  its  orbit  is  then  calculated  as  soon  as 
the  required  number  of  observations  are  made,  which  are  necessary 
for  the  determination  of  its  elements. 

The  mean  distances  from  the  sun  of  all  the  planetoids  place 
them,  without  exception,  between  the  orbits  of  Mars  and  Jupiter, 
and  their  minuteness  of  volume,  and  the  very  variable  obliquities 
and  excentricities  of  their  orbits,  cause  them  all  to  resemble  the 
first  four  discovered  in  the  beginning  of  the  century,  and,  therefore, 
in  complete  accordance  with  the  conditions  mentioned  in  the 
curious  hypothesis  of  Dr.  Olbers,  regarding  the  possibility  of  a 
fractured  planet  (369). 

Astreea  ©. — By  the  means  already  explained,  M.  Hencke,  an 
amateur  observer  residing  at  Driessen  in  Prussia,  discovered  on  the 
8th  of  December,  1 845,  another  of  these  small  planets,  which  has 
been  named  Astrsea. 

The  discovery  of  this  planet  created  considetaHft  ^TLa\\«a!L'5o^ 
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amongst  astronomers^  no  addition  to  the  known  planetary  system 
having  taken  place  since  Vesta  wajs  discovered  in  1 807.  It  appears 
that  M.  Ilencke^  though  not  a  professional  astronomer^  had  av^ed 
himself  for  about  fifteen  years  of  the  Berlin  charts,  which  induded 
stars  down  to  the  9th  magnitude  situated  in  that  part  of  the 
heavens  in  which  the  small  planets  are  generally  found.  A  por- 
tion of  these  charts  was  published,  consisting  of  about  two-thirds 
of  the  hours  of  right  ascension,  including  15°  north  and  south 
declination.  All  honour  should  be  given  to  tiie  authors  of  these 
valuable  results  of  astronomical  research,  as  without  them  we 
might  probably  not  have  known  of  the  existence  of  the  numerous 
bodies  which  form  the  main  subject  of  the  present  chapter. 

On  the  evening  of  the  8th  of  December,  1845,  M.  Hencke, 
while  examining  a  portion  of  the  heavens  in  the  fourth  hoar  of 
right  ascension,  noticed  a  star  of  the  ninth  magnitude,  which  had 
no  appearance  in  the  chart ;  from  his  familiarity  with  that  part  of 
the  heavens,  he  felt  assured  that  the  star  was  n^ver  previously  in 
that  position.  He  communicated  his  suspicions  of  the  discovery  of 
a  new  planet  to  M.  Encke  and  M.  Schumacher,  who,  after  having 
confirmed  the  discovery  from  observations  made  at  Berlin  and 
Altona,  announced  publicly  to  the  astronomical  world  this  inter- 
esting addition  to  the  list  of  planetoids. 

Though  discovered  by  optical  means  of  no  great  power,  and  by 
an  amateur  observer,  whose  habits  of  business  would  lead  him  to 
other  pursuits,  we  must  always  consider  that  this  discovery  gave 
birth  to  that  desire  for  astronomical  research,  which  at  the  present 
time  (August  1 860)  has  resulted  in  increasing  the  known  bodies 
of  the  planetary  system  to  such  an  extent,  that  the  planetoids  now 
number  fifty-eight,  while  scarcely  a  year  passes  without  one  or 
more  fresh  discoveries  being  made. 

Astrsea  shines,  when  in  its  most  favourable  position,  as  a  star  of 
the  ninth  magnitude,  but  at  other  times  its  faintness  prevents  any 
observation,  unless  the  observer  be  provided  with  an  instrument 
with  an  object-glass  of  considerable  aperture. 

Hehe  (q). —  On  the  ist  of  July,  1847,  M.  Hencke  was  again 
rewarded  for  his  devotion  by  the  discovery  of  Hebe.  It  first 
appeared  of  the  ninth  magnitude,  but  speedily  became  fainter,  and 
was  generally  visible  as  a  ruddy  star  of  the  tenth  magnitude. 

The  maximum  magnitude  of  this  planet  is  about  the  seventh  or 
eighth,  and  the  minimum,  the  eleventh. 

Iris  0. —  Mr.  Hind  is  the  principal  English  astronomer  who 
has  devoted  much  attention  to  this  branch  of  astronomical  dis- 
covery, and  can  claim  the  honour  of  being  the  discoverer  of  ten  of 
these  minute  objects.  Mr.  Hind,  since  the  latter  part  of  1 844,  ha& 
directed  the  private  observatory  of  Mr.  Bishop,  in  the  Regent's 
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Park,  which  is  furnished  with  a  telescope^  equatorially  mounted^ 
capable  of  being  employed  in  the  most  delicate  researches. 

Iris  was  discovered  on  the  evening  of  the  13th  of  August,  1847  ; 
a  systematic  examination  of  the  heavens  having  been  commenced 
some  months  previously.  Whilst  scrutinising  the  heavens  in  the 
vicinity  of  63  Sagittarii,  Mr.  Hind  noticed  a  star  of  the  eighth 
magnitude,  which  had  escaped  observation  at  any  former  time. 
An  hour  was  sufficient  to  show  its  planetary  nature,  its  position 
having  retrograded,  with  respect  to  other  stars,  two  seconds  in  that 
interval  of  time. 

The  maximum  brilliancy  of  Iris  is  about  the  eighth  magnitude, 
decreasing  in  other  positions  o^its  orbit  to  the  tenth. 

FUyra  0. —  This  planet  was  also  discovered  by  Mr.  Hind.  On 
the  1 8th  of  October,  1 847,  he  noticed  a  star  of  the  eighth  or  ninth 
magnitude,  in  a  position  in  which  it  was  never  previously  visible. 
Confirmation  of  the  discovery  was  not  obtained  for  some  hours  in 
consequence  of  cloudy  weather,  but  on  the  19th  at  3**  a.m.,  an 
interval  of  four  hours  showed  that  the  position  of  the  object  had 
changed  in  a  direct  motion  about  two  seconds  of  time.  This 
alteration  was  sufficient  to  assure  the  observer  of  its  planetary 
nature. 

The  magnitude  of  Flora  varies  from  the  eighth  or  ninth  to  about 
the  eleventh,  according  to  its  distance  from  the  earth.  When 
favourably  seen,  Mr.  Hind  has  fancied  he  could  perceive  a  mea- 
siu*able  disk,  but  he  cannot  place  implicit  confidence  in  the 
observations, 

Mdii  0.  — ^^The  next  planet  in  order  of  discovery  is  due  to  Mr. 
Graham,  assistant  at  the  private  observatory  of  Markree  Castle, 
Ireland,  under  the  direction  of  Mr.  Cooper.  Metis  was  found,  like 
those  preceding,  by  noticing  the  appearance  of  an  object  which  was 
not  recorded  in  the  chart  which  was  being  compared  with  the 
corresponding  part  of  the  heavens.  On  the  25th  of  April,  1848, 
a  star  was  suspected,  and  was  noted  down  for  re-examination. 
On  the  succeeding  evening  it  was  found  to  have  retrograded  one 
minute  and  its  planetary  nature  established.  When  detected,  the 
planet  was  of  the  tenth  magnitude ;  in  more  favourable  positions  its 
appearance  increases  considerably  in  brightness. 

Hygeia@. —  The  zeal  for  aslronomical  discovery  could  not  be 
supposed  to  remain  in  northern  latitudes  without  drawing  the 
attention  of  astronomers  in  the  south  of  Europe,  who  are,  fortu- 
nately for  this  purpose,  accustomed  to  a  clearer  atmosphere  than  is 
generally  found  in  England  or  Germany.  M.  de  Gasparis  of  Naples 
was  the  first  to  enter  the  field,  by  the  discovery  of  Hygeia  on  the 
1 2th  of  April,  1 849.  M.  de  Gasparis  was  comparing  the  heaven^ 
with  Steinheil's  map,  in  the  twelfth  houi  of  ii^\i\i  ««c«QStfsvi,"^\2kKvx 
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he  detected  this  planet  as  an  object  of  the  ninth  or  tenth  nmgnitadd 
Owing  to  cloudy  weather  he  was  unable  to  confirm  his  discoiveij 
till  the  1 4th;  but  on  that  day  his  observations  showed  a  sensible 
change  of  position,  and  that  the  suspected  object  farmed  one  of  the 
group  of  planetoids. 

The  magnitude  of  Hygeia  varies  from  the  ninth  to  the  eleventh. 

Parthenope  (n). — When  Hygeia  was  discovered.  Sir  John 
Herschel  suggested  that  the  name  of  Parthenope  would  have  been 
appropriate,  since  the  ancient  name  of  Naples  was  derived  finom 
that  nymph ;  M.  de  Gasparis,  therefore,  used  every  exertion  to  cany 
out  Sir  John  Herschel's  proposition,  and  was  successful  on  the  nth 
of  May,  1 850,  thus  realising,  as  he  states,  a  '^  Parthenope  "  in  the 
heavens.  From  its  alteration  of  position,  the  planetary  nature  of 
the  object  was  soon  ascertained. 

At  the  time  of  discovery,  Parthenope  shone  as  a  star  of  the 
ninth  magnitude;  in  unfavourable  seasons,  its  lustre  is  little 
brighter  than  the  twelfth. 

Victoria  @.  —  On  the  13th  of  September,  1 850,  Mr.  Hind 
noticed  a  star  of  the  eighth  magnitude,  with  a  bluish  light.  From 
ita  appearance,  his  suspicions  were  aroused  that  the  object  was 
another  planet.  It  was  situated  near  a  small  star  which  had  been 
frequently  noticed,  without  having  for  a  companion  such  a  bright 
object.  In  less  than  an  hour,  the  brighter  star  had  retrograded 
two  seconds  of  time ;  its  identity  as  a  planet  was  therefore  esta- 
blished. 

Though  Victoria,  when  first  noticed,  appeared  of  the  eighth 
magnitude,  yet  at  some  subsequent  oppositions,  no  instrument  unless 
of  superior  penetrating  power  was  able  to  distinguish  it.  Its  mean 
opposition  magnitude  is,  however,  rather  brighter  than  the  tenth. 

The  name  of  Victoria  has  been  objected  to  by  the  astronomers  in 
the  United  States  of  America,  from  some  vague  notion  that  it  was 
selected  in  honour  of  the  Queen  Victoria,  and  as  such  was  not 
desirable.  The  scruples  of  our  transatlantic  friends  do  not  seem 
to  be  affected  by  the  names  of  other  planetoids  which  might  be 
questioned  with  far  greater  reason.  In  the  United  States  of 
America,  therefore,  this  planet  is  known  by  the  name  of  Clio. 

Egeria  @.  — This  planet  was  discovered  by  M.  de  Gasparis,  at 
Naples,  on  the  2nd  of  November,  1850,  resulting  from  a  series  of 
observations  in  zones  of  declination  undertaken  for  the  express 
purpose  of  discovering  these  minute  bodies.  The  motion  of  the 
planet  soon  satisfied  the  observer  that  the  suspected  object  was  a 
planet. 

Egeria  at  its  first  appearance  was  about  the  ninth  magnitude ;  it 
descends  occasionally  as  low  as  the  twelfth. 

Irene  (u). — On  the  night  of  the  19th  of  May,  1851,  during  a^. 
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examination  of  the  heavens  near  a  star  which  had  been  pieviously 
noticed,  Mr.  Hind  remarked  an  object  near  it  of  similar  magnitude, 
and  fix)m  his  knowledge  of  that  part  of  the  heavens,  he  Mt  con« 
vinced  that  the  object  was  a  new  planet.  Mr.  Hind  considers,  that, 
so  far  as  he  is  concerned,  the  discovery  is  due  to  his  familiarity  with 
telescopic  stars  gained  in  his  repeated  examinations  for  minute 
objects.  Observations  soon  established  this  object  as  a  planet,  its 
motion  being  evident  in  a  short  interval  of  time. 

Mr.  Hind  remarks:  ''On  the  night  of  the  discovery  it  was 
noticed  that  there  was  a  decided  contrast  between  the  light  of  the 
star  and  that  of  the  planet ;  the  former  was  very  white  and  vivid, 
while  the  latter  had  a  duU  bluish  tinge.  The  planet  also  appeared 
to  be  enveloped  in  an  extremely  faint  nebulous  atmosphere,  the 
existence  of  which  has  been  confirmed  on  several  subsequent  occa- 
sions,  though  it  requires  a  perfectly  clear  night,  and  great  attention^ 
to  render  it  very  evident." 

The  planet  occasionally  shines  as  a  star  of  the  ninth  magnitude ;' 
its  minimum  is  the  twelfth. 

M.  de  Gasparis  of  Naples  discovered  Irene  four  days  after  Mr. 
Hind,  an  instance  how  closely  the  heavens  were  scrutinised.  Other 
independent  discoveries  of  planets  have  taken  place,  as  well  as  on 
this  occasion,  which  will  appear  hereafter. 

Eunomia  @. — This  planet  was  discovered  at  Naples,  by  M.  de 
Gasparis,  on  the  29th  of  July,  1851,  shining  as  a  star  of  the  ninth 
magnitude. 

Eunomia,  occasionally,  is  tolerably  bright,  being  of  the  eighth 
magnitude )  it,  however,  in  other  parts  of  its  orbit  becomes  almost 
invisible.  During  the  opposition  of  this  planet  in  the  summer  of 
1 860,  its  magnitude  was  unusually  great,  appearing  of  nearly  equal 
brilliancy  to  Vesta. 

Psyche  @. — During  the  evening  of  the  17th  of  March,  1852, 
M.  de  Gasparis  discovered  this  planet,  which  at  the  time  was 
situated  near  Regulus,  with  which  it  was  compared,  and  its  plane- 
tary motion  detected.  As  Irene  was  first  discovered  by  Mr.  Hind, 
and  in  four  days  after  by  M.  de  Gasparis,  so  in  this  instance,  if  the 
Naples  astronomer  failed  to  notice  Psyche,  Mr.  Hind  would  most 
probably  have  been  soon  in  a  position  to  claim  the  merit  of  its 
discovery.  On  the  1 8th  of  January,  during  a  final  revision  of  an 
ecliptical  chart  before  placing  it  in  the  engraver's  hands,  Mr.  Hind 
entered  an  object  shining  as  a  star  of  the  eleventh  magnitude. 
Cloudy  weather  prevented  any  re-examination  of  this  object  until 
a  proof  of  the  engraving  arrived  on  the  1 8th  of  March.  On  the 
evening  of  that  day,  on  comparing  the  chart  with  the  heavens,  the 
star  was  not  to  be  found.  Its  planetary  character  was  at  once 
evident.    A  vigorous  search  after  the  missing  ob^^Oit  ^^a  x^-e^Jv^i^^ 
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on,  but  before  a  favourable  opportunity  arrived,  notice  ^ras  given 
of  its  discovery  by  M.  de  Gasparis.  Professor  Qauss  has  shown 
that  the  estimated  place  of  the  planet  on  January  ig,  agrees  well 
with  the  elements  deduced  from  the  observations.  Its  planetary 
nature,  however,  was  not  known  to  Mr.  Hind  till  the  night 
following  the  actual  discovery  at  Naples. 

The  mean  opposition  magnitude  of  Psyche  is  about  the  tenth. 

ITietis  @. —  fir.  R.  Luther,  of  the  observatory  of  Bilk,  near 
Dusseldorf,  discx>vered  this  planet  on  the  17th  of  April,  1852, 
which  soon  proved  itself  to  be  one  of  the  remarkable  group  of 
minute  planets.  It  shines,  generally,  when  in  its  most  fayourable 
position,  as  a  star  of  the  ninth  magnitude. 

Mdpomene  @. —  This  planet  was  discovered  by  Mr.  Hind  during 
the  night  of  the  24th  of  June,  1852.  It  appeared  with  a  brilliancy 
equal  to  a  star  of  the  ninth  magnitude,  in  a  position  where  no 
known  member  of  these  bodies  could  be  situated.  Observations 
with  a  micrometer  soon  indicated  a  sensible  change  of  position. 

Mr.  Hind  has  frequently  remarked  a  strong  yellowish  colour 
about  the  light  of  Melpomene,  contrasting  in  a  visible  manner  the 
appearance  of  the  planet  with  the  small  stars  in  the  same  field  of 
view  of  the  telescope. 

When  in  favourable  parts  of  its  orbit,  this  planet  shines  similaily 
to  a  star  of  the  eighth  or  ninth  magnitude. 

Fortuna  @. —  This  planet  is  another  of  Mr.  Hind's  discoveries. 
On  the  22nd  of  August,  1852,  he  noticed  an  object  of  the  nind^ 
magnitude,  when,  after  comparing  it  with  another  star,  the  motion 
westward  was  appreciable  in  about  twenty  minutes. 

Fortima  shines  usually  at  opposition  as  an  object  of  the  ninth 
magnitude. 

Massilia  (^. — On  the  19th  of  September,  1852,  a  new  planet 
was  discovered  at  Naples  by  M.  de  Gasparis,  shining  as  a  star  of 
the  ninth  magnitude.  This  planet  was  also  independently  dis- 
covered by  M.  Chacomac  at  Marseilles,  on  the  20th  of  September, 
while  forming  a  chart  of  the  positions  of  stars  near  the  ecliptic. 
The  honour  of  being  the  first  discoverer,  however,  is  due  to  M.  De 
Gasparis. 

The  brilliancy  of  Massilia  varies  from  the  eighth  to  the  eleventh 
magnitude,  according  to  its  position  in  its  orbit. 

Lutetia  @. — The  planet  Lutetia  was  discovered- on  the  1 5th  of 
November,  1852,  by  Mr.  Hermann  Goldschmidt,  an  amateur  as- 
tronomer at  Paris.  It  appeared  of  about  the  ninth  magnitude,  but 
soon  became  much  fainter.  Its  mean  opposition  brightness  is 
equal  to  stars  of  the  tenth  magnitude. 

The  discovery  of  this  planet  by  M.  Goldschmidt  was  made  with 
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a  small  ordinary  telescope,  placed  in  the  balcony  of  his  apart- 
ment in  the  Kue  du  Seine,  Faubourg  St.  Germain. 

The  zeal  and  devotion  of  this  astronomer  have  been  rewarded  by 
the  discovery  of  no  less  than  twelve  of  these  interesting  members 
of  the  solar  system. 

CaUiope  @. —  In  the  night  of  the  i6th  of  November,  1852, 
while  Mr.  Hind  was  comparing  the  heavens  with  one  of  his  eclip- 
tical  star-maps,  he  noticed  an  object  which  was  not  entered  on  the 
chart.  Its  planetary  nature  was  soon  identified  by  comparing  its 
motion  with  the  neighbouring  stars.  The  maximum  brightness  of 
CaUiope  is  similar  to  a  star  of  the  ninth  magnitude,  though  in 
some  parts  of  its  orbit  the  intensity  of  light  is  so  small  as  to 
render  the  planet  visible  only  with  telescopes  of  a  superior  degree 
of  penetrating  power. 

Thalia  @. —  On  the  evening  of  the  1 5th  of  December,  1852,  Mr, 
Hind  detected  another  planet,  which  received  the  name  of  Thalia. 
Like  Calliope,  this  planet  was  discovered  by  means  of  the  ecliptical 
star-maps,  formed  under  his  own  direction.  When  first  seen,  it 
shone  scarcely  brighter  than  stars  of  the  tenth  or  eleventh  magni- 
tude ;  a  degree  of  faintness  which  forbids  the  use  of  ordinary 
telescopes  in  attempting  its  observation. 

The  mean  opposition  magnitude  of  Thalia  is  about  the  eleventh ) 
its  minimum  brightness  is  no  greater  than  the  thirteenth  or  four- 
teenth magnitude. 

Themis  @. — The  planet  Themis  was  discovered  at  Naples,  on 
the  6th  of  April,  1853,  by  M.  de  Gasparis.  Whilst  searching  for 
a  small  star  of  the  eleventh  magnitude  which  had  previously  been 
observed  but  which  had  become  invisible,  that  astronomer  took 
notice  of  a  small  object  of  the  twelfth  magnitude  which  was  new 
to  him,  the  proper  motion  of  which  was  soon  recognised  on  com- 
parison with  a  neighbouring  star.  Themis  shone  as  an  exti'emely 
minute  object:  the  greater  merit,  therefore,  is  due  to  the  inde- 
fatigable observer  through  whose  exertions  the  astronomical  world 
were  made  acquainted  with  its  existence. 

No  instrument,  except  of  a  superior  class,  can  be  expected  to 
perceive  this  minute  body,  its  mean  opposition  magnitude  being 
about  the  twelfth. 

Phocea  @. — While  M.  de  Gasparis  was  engaged  in  the  con- 
sideration of  Themis,  M,  Chacomac  was  equally  engaged  on 
another  new  member  of  the  planetoids,  which  he  discovered  also 
on  the  6th  of  April,  1853,  at  Marseilles.  It  received  the  name  of 
Phocea.  When  first  seen  it  appeared  as  a  star  of  the  ninth  mag- 
nitude, having  a  bluish  tint.  On  comparison  with  another  star  its 
motion  was  detected. 

The  apparent  magnitude  of  Phocea  is  variable  j  it  chao^ai^  isssta. 
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the  ninth,  when  the  planet  is  most  favourahly  ritaated  for  observa* 
tion^  to  the  twelfth,  when  its  position  in  its  orbit  places  it  at  its 
greatest  distance  from  the  earth. 

Proserpine  @.  —  The  planet  Proserpine  was  disooyered  on  the 
5th  of  May,  1853,  at  Bilk,  by  Dr.  Luther.  When  detected,  it 
appeared  exceedingly  faint,  being  no  brighter  than  a  star  of  ike 
tenth  or  eleventh  magnitude. 

At  opposition,  its  mean  intensity  of  light  equals  an  object  of 
about  the  tenth  magnitude. 

Euterpe  @.  —  The  planet  Euterpe  was  found  on  the  evening  of 
the  8th  of  November,  1853,  by  Mr.  Hind,  while  he  was  comparing 
one  of  his  ecliptical  maps  with  the  heavens.  It  was  fthinTng  as  a 
star  of  the  ninth  magnitude,  and  was  shortly  proved  by  its  motion 
to  be  a  planet. 

The  magnitude  of  Euterpe  is  generally  about  the  tenth  when  in 
opposition. 

BeUona  @j.  —  The  planet  Bellona  was  discovered  by  Dr.  Liuther, 
at  Bilk,  on  the  i  st  of  March,  1854.  Its  mean  amount  of  brilliancy 
at  opposition  is  about  equal  to  stars  of  the  tenth  magnitude. 

Amphitrite  @. — On  the  I  st  of  March,  1 8  54,  and  only  about  two 
hours  later  than  the  discovery  of  Bellona,  Mr.  Marth  detected  the 
planet  Amphitrite,  at  the  Begent's  Park  Observatory.  It  -was  also 
independently  found  by  Mr.  Pogson,  at  Oxford,  on  the  2nd  of  March, 
and  by  M.  Chacomac  at  Paris,  on  the  3rd  of  March.  On  its  first 
appearance,  Amphitrite  shone  as  a  star  of  the  tenth  or  eleventh 
magnitude.  Its  brilliancy  is,  however,  occasionally  much  greater, 
the  fliaximum  being  about  the  ninth  magnitude. 

Urania  (30).  The  planet  Urania  was  discovered  by  Mr.  Hind 
about  midnight  on  the  22nd  of  July,  1854,  shining  as  an  object  of 
the  ninth  or  tenth  magnitude.  Urania  is,  however,  extremely 
faint  in  unfavourable  positions  for  observation. 

The  number  of  planetoids  discovered  by  Mr.  Hind  thus  amomits 
to  ten,  Urania  being  the  last  found  by  that  indefatigable  astro- 
nomer. The  instrument  used  in  his  researches  is  an  equatorially- 
mounted  achromatic  telescope,  having  an  object-glass  of  seven 
inches  aperture,  and  about  eleven  feet  focal  length. 

Euphrosyne  @. — The  planet  Euphrosyne  was  discovered  on  the 
1st  of  September,  1 854,  at  Washington,  America,  by  Mr.  Ferguson. 
Its  position  on  the  night  of  its  discovery  was  rather  singular.  Mr. 
Ferguson  was  in  search  of  Egeria,  which  he  observed  in  company 
with  another  object  which  was  so  close  to  Egeria  as  to  create  some 
uncertainty  in  his  mind  which  of  the  two  was  the  planet.  Another 
night's  observation,  however,  decided  the  planetary  nature  of  both 
objects,  one  of  which  was  Egeria  and  the  other  was  found  to  be  a 
new  planet.  ^ 
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With  the  exception  of  Pallas,  the  obliquity  of  the  orbit  of 
Euphrosyne  is  greater  than  any  of  the  remaining  planetoids, 
amounting  to  26'^  25^ 

The  magnitude  of  this  planet  at  mean  opposition  is  about  the 
eleventh. 

Pomona  @. — The  planet  Pomona  was  detected  on  the  26th  of 
October,  1 854,  at  Paris,  by  M.  Gt>ldschmidt  on  comparing  an  eclip- 
tical  star-map  with  the  heavens.  It  appeared  as  a  star  of  the  eleventh 
magnitude,  which  is  about  its  mean  brilliancy  at  opposition. 

Pdyhymnia  @. — This  planet  was  also  discovered  at  Paris.  On 
the  night  of  the  28th  of  October,  1854,  it  was  found  by  M.  Cha- 
comac,  of  the  Imperial  Observatory. 

Of  all  the  known  planets,  Polyhymnia  is  remarkable  for  the 
large  ezcentricity  which  is  exhibited  by  the  elements  of  its  orbit ; 
the  difference  between  the  perihelion  and  aphelion  distances 
amounting  to  a  diameter  of  the  earth's  orbit. 

The  intensity  of  light  shown  by  Polyhymnia  varies  considerably; 
its  magnitude  changing  from  the  ninth  to  the  thirteenth. 

Circe  @. —  The  planet  Circe  was  discovered  at  the  Imperial 
Observatory,  Paris,  on  the  6th  of  April,  1855,  by  M.  Chacomac 
By  comparison  with  the  star  25,438  of  the  catalogue  of  Lalande, 
its  identity  as  a  planet  was  confirmed. 

The  magnitude  of  Circe  is  extremely  faint,  its  mean  opposition 
brightness  being  equal  to  a  star  of  the  eleventh  or  twelfth  magni- 
tude. 

Leucothea@, — Dr.  Luther  discovered  the  planet  Leucothea  on 
the  night  of  the  19th  of  April,  1855,  shining  as  a  star  of  the 
eleventh  magnitude,  which  is  about  the  maximum  brightness.  This 
planet  is  generally  of  such  extreme  faintness,  as  to  make  it  an 
object  of  difficult  even  with  telescopes  of  tiiie  greatest  optical 
power. 

Atalanta  @,^  On  the  5th  of  October,  1855,  M.  Goldschmidt 
discovered  the  planet  Atalanta,  at  Paris ;  it  resembled  a  star  of  the 
eleventh  or  twelfth  magnitude,  which  is  about  its  brightness  at 
mean  opposition. 

Fides  @. — The  planet  Fides  was  detected  on  the  evening  of  the 
5th  of  October,  1855,  at  Bilk,  by  Dr.  Luther,  being  the  second 
planetary  discovery  on  the  same  evening. 

The  magnitude  of  Fides  at  mean  opposition  is  about  the  tenth. 

Leda  @.  —  M.  Chacomac  discovered  the  planet  Leda  on  the 
12th  of  January,  1856,  at  Paris,  shining  as  a  star  of  the  tenth 
magnitude. 

The  mean  opposition  magnitude  of  Leda  is  about  the  eleventh. 

Latitia  (39).  —  The  planet  Lsetitia  was  detected  at  Paris  also  by 
M.  Chacomac,  on  the  8th  of  Febmary,  1856.    On  eoTK^«fv\>k%  *^^^ 
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suspected  object  with  21^963  of  Lalande's  cMlogne,  its  motion 
was  soon  perceived. 

The  appearance  of  Leetitia  yaries  considerably 'in  xnagnitode; 
when  at  the  greatest  it  shines  as  a  star  of  the  ninth,  and  at  its 
minimum  brilliancy^  about  the  twelfth  magnitude. 

Harmonia  @.  —  This  planet  was  discovered  by  M.  Goldachmidt 
on  the  evening  of  the  3  ist  of  March;  1 856;  at  Paris,  whining  at  a 
star  of  the  ninth  or  tenth  magnitude. 

Harmonia  is  generally  of  average  brightness,  its  mean  oppoaitioa 
magnitude  scarcely  exceeding  the  ninth. 

Daphne  @, — The  planet  Daphne  was  also  disoovered  byM. 
Goldschmidt  It  was  found  on  the  22nd  of  May,  1856,  at  Paris. 
Owing  to  the  lateness  of  the  discovery,  which  was  made  when 
Daphne  had  considerably  passed  opposition,  and  the  increaaing 
daylight,  very  few  observations  were  made  of  this  planet,  too  few, 
in  fact,  for  the  determination  of  reliable  elements  of  its  orbit.  In 
consequence  of  this  uncertainty,  Daphne  has  never  been  re-dis- 
covered, notwithstanding  a  systematic  search  for  the  TwiaOTng  object 
was  made  by  several  astronomers  at  one  of  its  expected  oppoaitions. 

Isis  @.  —  The  planet  Isis  was  discovered  at  the  Radcliffo  Ob- 
servatory, Oxford,  on  the  23rd  of  May,  1856,  by  Mr.  Pogson.  It 
appeared  as  a  star  of  the  tenth  magnitude,  which  is  about  its 
brightness  at  mean  opposition. 

Ariadne  @.  —  Mr.  Pogson,  while  comparing  one  of  his  manu- 
script charts  with  the  heavens  at  the  Kadcliffe  Observatory,  Oxford, 
on  the  15th  of  April,  1857,  detected  an  object  which,  on  com- 
paring with  a  neighbouring  star,  proved  to  be  another  planet.  It 
received  the  name  of  Ariadne.  Its  brightness  at  mean  opposition  is 
similar  to  a  star  of  the  tenth  magnitude. 

Nysa  @.  —  This  planet  was  found  by  M.  Goldschmidt  on  the 
27th  of  May,  1857,  resembling  a  star  of  the  tenth  or  eleventh 
magnitude.  In  favourable  positions  of  the  planet  in  its  orUt,  it  is 
considerably  brighter. 

Eugenia  @. — The  planet  Eugenia  was  discovered  also  by  M. 
Goldschmidt.  On  the  28th  of  June,  1 857,  while  scrutinising  the 
heavens,  he  saw  an  object  which  proved  to  be  a  planet.  The  in- 
tensity of  light  of  Eugenia  is  very  faint,  and  a  good  telescope  is 
required  to  make  satisfactory  observations. 

Hedia  @.  —  The  planet  Hestia  was  detected  on  the  1 6th  of 
August,  1857,  at  Oxford,  by  Mr.  Pogson,  with  the  assistance  of  a 
5 -feet  telescope,  generously  lent  by  Dr.  Lee  of  Hartwell,  for 
his  private  use,  placed  in  the  garden  attached  to  his  residence. 
Hestia  is  one  of  the  faintest  planets  of  the  group,  its  mean  oppo- 
sition magnitude  being  no  greater  than  the  twelfth  or  thirteenth. 
Occasionally  the  magnitude  is  so  very  minute,  that  it  is  scarcely 
within  tlie  limifB  of  vision  even  ynfCtL  to^  doia^  \/&\«&^^^^ 
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Aglaia  @. —  Dr.  Luther  discovered  this  planet  on  the  1 5th  of 
September,  1857^  at  Bilk.  The  faintness  of  Aglaia  prevents  it 
from  being  frequently  observed.  Its  magnitude  is  about  the 
eleventh  or  twelfth  at  mean  opposition. 

Doris  @  and  Pales  @. —  These  two  planets  were  discovered  on 
the  same  night,  on  the  19th  of  September^  ^^57;  ^7  M.  GK)ld- 
schmidt,  at  Paris.  Whilst  that  astronomer  was  engaged  upon  the 
identification  of  the  planetary  nature  of  Doris,  he  necessarily 
neglected  attending  to  a  star  which  had  vanished  in  the  vicinity 
of  K  Aquarii;  later  in  the  evening,  however,  his  attention  was 
directed  to  an  object  which  soon  exhibited  a  change  in  its  relative 
position  with  respect  to  the  neighbouring  stars,  and  consequently 
was  proved  to  be  a  second  planet,  which  afterwards  received  the 
name  of  Pales.  At  the  time  of  discovery,  the  two  planets  were 
separated  only  by  about  three  minutes  of  right  ascension,  and  one 
degree  of  declination.  The  singular  fortune  of  a  double  discovery 
on  the  same  night  has  not  fallen  to  any  other  discoverer. 

These  planets  are  both  rather  minute  at  mcMi  opposition,  Doris 
being  of  the  eleventh,  and  Pales  of  the  tenth  or  eleventh  magnitude. 

Virginia  (so).—  The  planet  Virginia  was  first  noticed  on  the  4th 
of  October,  1857,  at  Washington,  U.  S.,  by  Mr.  Ferguson.  An 
independent  discovery  was  made  at  Bilk,  by  Dr.  Luti^er,  on  the 
19th  of  October,  before  intelligence  had  reached  Europe  of  its 
previous  detection.  This  planet  is  also  exceedingly  minute,  its 
mean  opposition  magnitude  being  between  the  twelfth  and  thir- 
teenth, while  in  other  positions  of  its  orbit,  where  it  is  more  un- 
favourably situated,  it  shines  as  a  star  of  the  fourteenth  or  fifteenth 
magnitude. 

Nemausa  @, —  The  planet  Nemausa  was  found  by  M.  Laurent,  , 
at  the  Observatory  at  Nismes,  in  the  south  of  Fraace,  on  the  22nd 
of  January,  1858.    Its  intensity  of  light  is  not  great. 

Europa  @. —  M.  Goldschmidt  was  the  discoverer  of  this  planet, 
on  the  6th  of  JFebruary,  1 858,  at  Paris.  Its  mean  opposition  mag- 
nitude is  estimated  as  being  equal  to  about  the  tenth. 

Calypso  @. — This  planet  was  detected  at  Bilk,  by  Dr.  Luther, 
on  the  4th  of  April,  1 858.  When  first  noticed  it  resembled  a  star 
of  the  eleventh  magnitude,  which  doubtless  is  the  appearance  by 
which  it  will  be  generally  distinguished. 

'  Alexandra  @. —  The  planet  Alex:andra  was  discovered  on  the  ' 
loth  of  September,  1858,  by  M.  Goldschmidt,  at  Paris.    The 
magnitude  of  this  planet  must  be  classed  amongst  those  of  the 
faintest,  requiring  a  good  telescope  for  its  detection. 

Pandora  @. —  This  planet  was  discovered  at  the  Dudley  Ob- 
servatory, Albany,  United  States,  by  Mr.  Searle,  on  the  night  of 
the  loth  of  September,  1858,  only  a  few  l^ouia  latest  ^«5i  *Qaa 
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diflooveiy  of  Alexandra.  Pandora  was  discovered  by  a  very  or- 
dinary telescope^  called  a  comet-seeker,  and  though  suspected  as 
a  new  planet  on  the  loth,  its  planetary  motion  was  not  confirmed 
till  the  I  ith  of  September. 

The  magnitude  of  Pandora  must  have  considerably  decreased 
soon  after  its  discoveiy,  for  in  the  latter  part  of  November^  1858, 
several  observations  were  made  with  the  transit-circle  at  tiie 
Royal  Observatory^  Greenwich^  when  the  observer  remarked  that 
'  I  *  it  was  of  the  last  degree  of  faintness.    At  that  time,  however, 

the  planet  was  not  in  a  favourable  part  of  its  orbit  for  observation. 
Pwuido'DaphM  @. —  The  discovery  of  this  object^  and  its  con- 
firmation as  a  new  member  of  the  solar  system^  was  of  an  unusually 
interesting  character.    It  was  first  discovered  on  the  9th  of  Sep- 
,  tember,  1857,  by  M.  Goldschmidt,  at  Paris^  whilst  searching  for 

^  the  planet  Daphne.    When  the  latter  planet  was  detected  in  1856; 

<  it  had  passed  opposition  for  a  considerable  period,  so  that  (mly 

four  observations,  at  no  great  interval  of  thne,  could  be  made 
before  it  was  lost  in  the  rays  of  the  sun.  An  approximate  ephe- 
meris  was,  however,  computed  from  these  observations  for  the 
succeeding  opposition  ;  of  this  ephemeris  M.  Goldschmidt  availed 
himself,  and  by  its  assistance,  he  considered  he  should  be  enabled 
io  rediscover  the  lost  planet.  After  searching  with  considenible 
devotion,  he  discovered  an  object  which,  by  its  motion  in  com- 
tpanson  with  other  stars,  proved  to  be  a  planet.  This  object  was, 
therefore,  supposed  to  be  Daphne,  not  only  by  M.  Goldschmidt, 
Vbut  by  the  astronomical  world  in  general,  and  several  observations 
were  secured  at  different  observatories  during  the  period  of  its 
;  visibility.    Elements  of  the  orbit  of  the  new  planet  were  soon 

1  computed,  and  though  their  agreement  was  not  perfect  with  those 

^  obtained  from  the  few  observations  of  Daphne  when  first  dis- 

ij  covered,  yet  no  suspicion  existed  on  the  subject.    It  appeared, 

,i  however,  by  the  investigations  of  M.  Ernest  Schubert,  who  in  the 

[; '  year  1858  had  been  engaged  to  compute  an  ephemeriS  for  Daphne, 

:  ^  for  the  American  Nautical  Almanac,  that  it  was  found  impossible 

%  I  to  reconcile  the  results  of  an  orbit  computed  fix)m  the  observationg 

of  1857  with  the  observations  made  at  the  ori^al  discovery  ol 
Daphne  in  the  preceding  year.  M.  Schubert,  therefore,  came  to 
the  conclusion  that  the  object  discovered  by  M.  Goldschmidi  in 
1857,  September  9,  was  in  reality,  not  Daphne,  but  a  new  membei 
of  the  group  of  planetoids. 

No  name  has  as  yet  been  given  to  this  planet,  but  it  is  known 
generally  as  Pseudo-Daphne,  In  the  order  of  discovery  it  is  placed 
according  to  the  date  of  its  identification  as  a  new  planet  by  M. 
Schubert,  in  1858,  though  its  actual  detection  took  place  betweei 
the  dates  of  the  discoveries  of  Hestia  axid  ^^loia. 
Mnemosyne  (57). —  The  planet  "Mnemoayaft  -w^a  ^^w^^tt^  ^TL^3^^ 
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22nd  of  September^  iS59y  &^  Bilk,  by  Dr.  Luther.    It  shines  in 
fayourable  positions  as  a  star  of  the  tenth  magnitude. 

Concordia  @. — The  discovery  of  Concordia  ia  also  due  to  Dr. 
Luther.  While  comparing  the  heavens  on  the  24th  of  March, 
1 860,  the  planet  appeared  as  a  veiy  minute  object  of  about  the 
eleventh  magnitude.  The  discoveiy  of  Concordia  is  too  recent  to 
know  much  of  its  movements^  but  it  belongs  to  the  smaller  class 
of  objects  composing  the  group  of  planetoids. 

373.  Becrease  la  lirlfflitiieMi  of  snoeeaalvo  frcgnpa  of  plaaa- 
toids. — It  is  probable  that  the  undiscovered  members  of  the  group 
of  planetoids  are  generally  so  minute  as  to  require  the  beet  optic^ 
means  for  their  detection,  and  consequently,  unless  the  observers  be 
provided  with  instruments  furnished  with  object-glasses  of  con- 
siderable aperture,  we  may  expect  a  &lling  off  in  new  discoveries. 
During  the  year  1859  only  one  planet  was  found,  and  in  i860  to 
the  present  date  also  one,  while  in  1857  no  less  than  nine,  in- 
cludLig  Pseudo-Daphne,  were  detected.  This  result  is  chiefly  caused 
by  their  general  faintness,  the  intensity  of  light  of  those  which  have 
been  discovered  the  latest  being  considerably  less  than  that  of 
the  majority  of  their  predecessors.  If  we  divide  the  whole 
nimiber  into  groups  of  ten,  and  compare  their  mean  opposition 
magnitudes,  we  shall  find  that  the  average  magnitude  of  &e  first 
ten  is  8*6,  of  the  second  9*6,  of  the  third  10*4,  of  the  fourth  10*9, 
and  of  the  fiflih  11*4*  These  numbers  show  distinctly  that  to 
increase  our  knowledge,  by  the  discovery  of  these  small  bodies,  in 
the  same  ratio  as  from  1846  to  1 858,  it  will  be  absolutely  neces- 
sary to  employ  instruments  of  superior  power  to  those  which  have 
added  so  many  of  these  interesting  bodies  to  our  system. 

374.  SiipUeate  dlaeoveries. — As  an  instance  of  the  carefiil 
methods  adopted  by  the  observers  in  the  search  for  these  small 
bodies,  it  has  been  mentioned  that  some  of  the  planets  were 
found  independently,  and  within  a  very  short  interval  of  time,  by 
two  or  more  different  observers.  For  example,  Irene  was  dis- 
covered by  Mr.  Hind  on  the  19th  of  May,  1851,  and  by  M.  de 
Gasparis  on  the  23rd  of  May ;  Massilia  was  first  seen  by  M.  de 
Gasparis  on  the  19th  of  September,  1852,  and  by  M.  Chacomac 
on  ^e  20th  of  September ;  whilst  Amphitrite  was  noticed  sepa- 
rately by  no  lees  than  three  observers ;  by  Mr.  Marth  on  the  ist  of 
March,  1854,  by  Mr.  Pogson  on  the  2nd  of  March,  and  by  M. 
Chacomac  on  the  3rd  of  March.  One  or  two  others  were  also 
discovered  independently  by  two  observers,  but  the  interval  of  time 
between  the  two  discoveries  was  longer  than  those  mentioned 
above ;  for  instance,  Virginia  was  discovered  by  Dr.  Luther  on  the 
19th  of  October,  1857,  before  the  intelligence  of  its  previous  dis- 
covery on  the  4^1  of  October  was  received  from  Aiikenfi»K 
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375.  Arraniremeiit    fur    eoiitlnae4    olM«rvAtiaBs.  —  The 

principal  fixed  observatories  of  Europe  luid  America  have  underr 
taken  to  take  a  selected  number  of  about  eight  of  these  bodies  as 
a  special  charge  on  each  observatory^  to  prevent  the  possibility  of 
their  being  lost  before  their  elements  are  established  witli  cer- 
tainty. At  the  Koyal  Observatory^  Greenwich^  however,  all  whidi 
are  provided  with  a  tolerably  correct  ephemeris,  are  assiduouslj 
observed;  and  the  results  of  tiie  observations  communicated  to  the 
Astronomical  Society  for  the  benefit  of  those  astronomers  who 
wish  to  investigate  or  correct  the  elements  of  the  orbits. 

376.  Zeal  of  tbe  diseorerers.  —  A  glance  at  the  names  of  the 
observers  who  have  distinguished  themselves  in  these  discoveries, 
will  show  the  amount  of  zeal  and  devotion^  with  which  tileee 
astronomers  must  have  been  actuated^  while  pursuing  this  difficult 
and  harassing  research.  We  are  indebted  to  M.  GK>ldschmidt  for 
the  discovery  of  no  less  than  twdve  of  these  small  bodies ;  to  Mr. 
Hind;  of  Mr.  Bishop's  private  observatory,  ten;  to  Dr.  Liutiier, 
nine:  to  M.  de  Gasparis;  seven;  to  M.  ChacomaC;  Jive^  to  Mr. 
Fogsou;  three ;  to  ISOI.  OlberS;  Hencke,  and  Ferguson,  two  each : 
and;  finally;  to  MM.  Piazzi;  Harding;  Graham;  Marth,  Liaurent; 
and  Searle;  one  each. 

377.  The  remarkable  accordaaee  ef  tbe  plaaetotda  wttb 
Br.  Olbers*  bypetbests, — The  orbits  of  the  planetoids  are  all  com- 
prised between  the  mean  distances  2*2  and  3*2;  that  of  the  earth 
being  i  'o.  The  magnitudes  of  all  these  bodies,  with  one  or  two 
exceptions;  are  too  minute  to  be  ascertained  by  any  means  of 
measurement  hitherto  discovered,  and  may  be  inferred  with  great 
probability  not  to  exceed  100  miles  in  diameter.  The  largest  of 
the  group  is  probably  less  than  500  miles  in  diameter,  while  those 
which  are  considered  the  most  minute  are  supposed  to  be  only  a 
jtew  miles  in  diameter.  This  assumption  is,  however,  merely  con- 
jectural. It  cannot  fail,  therefore,  to  be  observed  in  how  re- 
markable a  manner  the  planetoids  conform  to  the  conditions  involved 
in  the  hypothesis  of  Dr.  Olbers. 

378.  Force  of  gra.'vity  on  tbe  planetoids* — From  the  minute- 
ness of  their  masses,  the  force  of  gravity  on  the  surfaces  of  these 
bodies  must  be  very  inconsiderable,  and  this  would  accoimt  for  a 
much  greater  altitude  of  their  atmospheres  than  is  observed  on  the 
larger  planets,  since  the  same  volume  of  air  feebly  attracted  would 
dilate  into  a  volume  comparatively  enormous.  Muscular  power 
would  be  more  efficacious  on  them  in  the  same  proportion.  Thus 
a  man  might  spring  upwards  sixty  or  eighty  perpendicular  feet,  and 
return  to  the  ground  sustaining  no  greater  shock  than  would  be  felt 
upon  the  earth  in  descending  from  the  height  of  two  or  three  feet. 
'^  On  such  planets^ "  observes  Herschel^ "  giants  might  exist^  and 
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those  enormous  animals  whkh  on  earth  require  the  buoyant  power 
of  water  to  counteract  their  weight." 


CHAPTER  XVL 

TRE  MAJOR  PLANETS. 

I.  Jxtpheb. 


379.  Jovian  system. — Passing  across  the  wide  space  which 
lies  beyond  the  range  of  the  planets^  which  with  the  earthy  revolve 
as  it  were  under  the  wing  of  the  sun, — a  space  which  was  regarded 
as  an  anomalous  desert  in  thtf  nlanetary  regions  imtil  contemporary 
explorers  found  there  what  seem  to  be  the  ruins  of  a  shattered 
world, — we  arrive  at  the  theatre  of  other  and  more  stupendous 
cosmical  phenomena.  The  succession  of  planets,  broken  by  the 
absence  of  one  in  the  place  occupied  by  the  planetoids,  is  resumed, 
and  four  orbs  are  found  constructed  upon  a  comparatively  Titanic 
scale,  each  attended  by  a  splendid  system  of  moons  presenting  a 
miniature  of  the  solar  system  itself,  and  revolving  round  the  common 
centre  of  light,  heat,  and  attraction  at  distances  which  almost  con- 
found the  imagination. 

380.  Verlod.— The  synodic  period  of  Jupiter  is  ascertained  by 
observation  to  be  about  399  days.  Its  sidereal  period  is  4332*6 
days,  or  1 1  '86  years. 

381.  Bistanoe  flrom  tb«  sun. — The  mean  distance  of  Jupiter 
from  the  sun  is  about  5^  times  that  of  the  earth,  and  since  the  earth's 
mean  distance  is  95  mUlions  of  miles,  that  of  Jupiter  must  be  494 
millions  of  miles. 

The  excentriciiy  of  Jupiter's  orbit  being  0*048,  this  distance  is 
liable  to  variation,  being  augmented  in  aphelion  and  diminished  in 
perihelion  by  24  millions  of  miles.  The  greatest  distance  of  the 
planet  from  the  sun  is  therefore  518,  and  tiie  least  470  millions  of 
miles. 

The  small  excentriciiy  of  the  orbit  of  this  planet,  combined  with 
its  small  inclination  to  the  plane  of  the  ecliptic,  is  of  great  impor- 
tance in  its  effect  in  limiting  the  disturbances  consequent  upon  its 
mass,  which  is  greater  than  the  aggregate  of  the  masses  of  all  the 
other  planets  primary  and  secondary  taken  together.  If  the  orbit 
of  Jupiter  had  an  excentricity  and  inclination  as  considerable  as 
those  of  the  planet  Juno,  the  perturbations  produced  by  his  mass 
upon  the  motions  of  the  other  bodies  of  the  system,  would  be 
twenty-seven  times  greater  than  they  are  with  its  present  small 
excentricity  and  inclination. 

Q4 
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382.  SelatlTe  me9l9  •f  tb«  orbits  of  Topiter  and  tbe  eartli. 

— The  relatlYe  magnitudes  of  the  distances  of  Jupiter  and  the  earth 
from  the  sun^  and  ike  apparent  magnitude  of  the  orbit  of  the  earth 
as  seen  from  Jupiter^  are  represented  in^.  65,  where  the  planet  is 
at  jf  the  sun  at  s^  and  the  orbit  of  the  earth  £  s'  e^^'  h^'. 

The  direction  of  the  orbital  motions  being  represented  by  the 
arrows^  it  will  be  evident  that  when  the  earth  is  at  e  the  planet  is 
in  opposition,  at  B^'^  in  coi^imction,  at  E^  in  quadrature  west,  and  at 
E^^  in  quadrature  east  of  the  sun. 

383.  Its  proOlffioiu  orMtsl  veloeltj. -^  The  yelocities  with 
which  the  planets  move  through  space  in  their  circumsolar  courses 
are  on  the  same  prodigious  scale  as  their  distances  and  magnitudes. 
It  is  impossible,  by  the  mere  numerical  expression  of  these  enor- 
mous magnitudes  and  motions,  to  acquire  any  tolerably  clear  or 
distinct  notion  of  them.  A  cannon  bail  moving  at  the  rate  of  500 
miles  an  hour  would  take  nearly  a  centuiy  to  come  from  Jupiter  to 
the  earth,  even  when  the  planet  is  nearest  to  us,  and  a  steam-engine 
moving  on  a  railway  at  50  miles  an  hour  would  take  nine  centuries 
to  perform  the  same  trip. 

Taking  the  diameter  of  Jupiter's  orbit  at  1000  millions  of  miles, ' 
its  circumference  is  above  3000  millions  of  miles,  which  it  moves 
over  in  4333  days.    The  distance  it  travels  is,  therefore,  about 
700,000  miles  per  day,  30,000  per  hour,  500  per  minute,  and  8^  per 
second, — a  speed  sixty  times  greater  than  that  of  a  cannon  ball. 

384.  Xapiter  bas  no  Benslblo  pliases.  —  The  mere  inspection 
of  the  diagram,jf^.  65,  wiU  show  that  this  planet  cannot  be  sensibly 
gibbous  in  any  position.  The  position  in  which  the  enlightened 
hemisphere  is  in  view  most  obliquely  is  when  the  earth  is  at  e'  or 
E^',  and  the  planet  consequently  in  quadrature^  and  even  then  the 
centre  of  the  visible  hemisphere  is  ozdy  11^  distant  from  the  centre 
of  the  enlightened  hemisphere. 

385.  Appearance  In  tbe  llrmament  at  nlflrbt. —  Since 
between  quadrature  and  opposition  the  planet  is  above  the  horizon 
during  the  greater  part  of  the  night,  and  appears  with  a  full  phase, 
it  is  thus  favourably  placed  for  observation  during  6  months  in 
13  months. 

386.  Stations  and  retrogression.  —  From  a  comparison  of 
the  orbital  motions  and  distance  of  Jupiter  and  the  earth,  it  appears 
that  the  planet  is  stationary  at  about  two  months  before  and  two 
months  idPfcer  opposition ;  and  since  the  earth  gains  upon  the  planet 
at  the  daily  rate  of  0^*902,  the  angle  it  gains  in  two  months  or  sixty 
days  must  be  54^*12.  The  angular  distance  of  the  points  of  sta- 
tion from  opposition,  as  seen  from  the  sun,  is  therefore  about  54^, 
which  corresponds  to  an  elongation  of  1 14^. 

The. planet  is  therefore  stationary  at  about  66^  otl  «m^€^\<^^Vi^^ 
opposition. 
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Its  arc  of  letrogresfiion  is  a  little  less  than  lo^^  and  the  tune  of 
describing  it  yaries  from  1 1 7  to  123  days. 

387.  Apparent  and  reel  dtemeten. — The appazent  diameter 
of  Jupiter  when  in  opposition  varies  from  \%"  to  48'',  acoocding 
to  the  relative  positions  of  the  planet  and  the  eartti  in  their 
elliptic  orbits.  At  its  mean  opposition  distance  fixim  the  earth  its 
apparent  magnitude  is  45 '^  In  conjunction  the  mean  i^paient 
diameter  is  30^^,  its  value  at  the  mean  distance  fiom  the  earth 

According  to  the  most  accurate  methods^  the  mean  diameter  is 
ascertained  to  be  88^640  miles.  The  diameter  of  Jupiter  is  there- 
fore 1 1  *20  times  that  of  the  earth. 

388.  Jupiter  a  eonepieneiis  elijeot  In  tbe  flrmunent  — 
relative  aplendenr  ef  Jupiter  and  Mare. — Although  the 
apparent  magnitude  of  Jupiter  is  less  than  that  of  Venus,  the  fonna 
is  a  more  conspicuous  and  more  easily  observable  object,  inasmuch 
as  when  in  opposition  it  is  in  the  meridian  at  midnight,  and  when 
its  opposition  takes  place  in  winter,  it  passes  the  meridian  at  an 
altitude  nearly  equal  to  that  which  the  sun  has  at  the  summer 
solstice.  By  reason,  therefore,  of  this  circumstance,  and  the 
complete  absence  of  all  solar  light,  the  splendour  of  the  planet  is 
very  great,  whereas  Venus,  even  at  the  greatest  elongation, 
descends  generally  near  the  horizon  before  the  entire  ceesation  of 
twilight. 

The  apparent  splendour  of  a  planet  depends  conjointly  on  the 
apparent  area  of  its  disk,  and  the  intensity  of  the  illumination  of  its 
surface.  The  area  of  the  disk  is  proportional  to  the  square  of  its 
apparent  diameter,  and  the  illumination  of  the  surfSeu^e  depends 
conjointly  on  the  intensity  of  the  sun's  light  at  the  planet,  and  the 
reflecting  power  of  the  surface.  On  comparing  Mars  with  Jupiter, 
we  find  tiie  apparent  splendour  of  the  latter  planet  much  greater  than 
it  ought  to  be,  as  compared  with  the  former,  if  the  reflecting  power 
of  these  surfaces  were  the  same,  and  are  consequently  compelled  to 
conclude  that  the  surface  of  Mars  is  endowed  with  some  physical 
quality,  in  virtue  of  which  it  absorbs  much  more  of  the  solar  light 
incident  upon  it  than  that  of  Jupiter  does.  When  the  apparent 
diameter  of  the  latter  is  twice  that  of  the  former,  its  apparent  area 
is  fourfold  that  of  the  former.  But  the  intensity  of  the  solar  light 
at  Jupiter  is  at  the  same  time  about  thirteen  times  less  than  at 
Mars ;  and  if  the  reflective  power  of  the  surfaces  were  equal,  the 
apparent  splendour  of  Mars  would  be  more  than  three  times  that 
of  Jupiter.  The  reflective  power  must,  therefore,  be  less  in  a 
sufficient  proportion  to  explain  the  inferior  splendour  of  Mars,  unless, 
indeed,  the  very  improbable  supposition  be  admitted  that  there  nuiy 
be  a  source  of  light  in  Jupiter  independent  of  solar  illumination. 
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3S9.  Biirnwe  Mtd  v«ltt^«.  —  The  ear&ca  of  Jupiter  is  above 
125  times,  and  its  volume  abont  1400  tames,  tbom  of  the  earth. 

To  produce  a  globe  sacb  as  that  of  Jupiter,  it  would  be  ae- 
cesaaiy  to  mould  into  a  aingle  globe  1400  globM  like  that  of  the 
earth. 

The  relatdve  magnitudes  of  the  globes  of  Jnpitor  and  the  eorth 
are  lepresanted  injtg.  66  by  J  and  s. 


390.  Solar  light  tma  haat. — The  mean  diBtanco  of  Jupiter 
from  the  aun  being  5-2  timea  that  itf  the  earth,  the  apparent 
f  the  Bon  to  the  inhabitants  of  that  planet  inll  be 


IcM  than  ita  apparent  diameter  at  the  earth  in  the  proportion  of 
5 '3  to  I.  The  relative  apparent  maguitudea  of  the  disk  of  the 
ran  at  Jupiter  and  at  the  earth  are  lepreaoitod  in  J^.^l  «!i.'&«iA'*< 
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The  density  of  8olar  radiation  being  in  the  exact  pxoporticin  ci 
the  apparent  euperficial  magnitudes  of  the  disks^  the  illyiTwiTMiiMfip 
and  heating  powers  of  the  sun  will,  ceteris  paribus,  be  less  in  the 
same  proportion  at  Jupiter  than  at  the  earth. 

As  has  been  already  observed,  however,  this  diminished  power 
as  well  of  illumination  as  of  warmth,  may  be  compensated  by  other 
physical  provisions. 

391.  Xotatton  and  dlreotton  of  tbe  axis. —  Although  the 
lineaments  of  light  and  shade  on  Jupiter's  disk  are  generally 
subject  to  variations,  which  prove  them  to  be,  for  the  most  part, 
atmospheric,  nevertheless  permanent  marks  have  been  occasionally 
seen,  by  means  of  which  the  diurnal  rotation  and  the  direction  of 
the  axis  have  been  ascertained  vdthin  very  minute  limits  of  error. 
The  earlier  observers,  whose  instruments  were  imperfect,  and 
observations  consequentiy  inaccurate  comparatively  with  those  of 
more  recent  date,  ascertained  nevertheless  the  period  of  rotation 
with  a  degree  of  approximation  to  the  results  of  the  most  elaborate 
observations  of  the  present  day  which  is  truly  surprising^  as  may 
appear  by  the  following  statement  of  the  estimates  of  various 
astronomers :  — 

h    m      s 
Cassinf  (1665)  -  -  .  .  .  -9^0 

Silvabelle      -  -  -  -  -  -  -9560 

Schroter  (1786)        -  -  -  -  -  -9   55'jJ 

Airy  -  -  - 9    55    aA-6 

Madler  (1835)  •  •  -  .  -  -9   55    20-56 

The  estimate  of  Professor  Aiiy  is  based  upon  a  set  of  observations 
made  at  the  Cambridge  Observatory.  That  of  Madler  is  founded 
upon  a  series  of  observations,  commencing  on  the  3rd  of  November, 
1834,  ^^^  continued  upon  every  dear  night  imtil  April,  1835, 
during  which  interval  the  planet  made  400  revolutions.  These 
observations  were  favoured  by  the  presence  of  two  remarkable 
spots  near  the  equator  of  the  planet,  which  retained  their  position 
unaltered  for  several  months.  The  period  was  determined  by  ob- 
serving the  moments  at  which  the  centres  of  the  spots  arrived  at 
the  middle  of  the  disk. 

The  direction  of  the  apparent  motion  of  the  spots  gave  the  posi- 
tion of  the  equator,  and  consequentiy  of  the  axis,  which  is  inclined 
to  the  plane  of  the  planet's  orbit  at  an  angle  of  3^  6'. 

The  length  of  the  Jovian  day  is  therefore  less  than  that  of  the 
terrestrial  day  in  the  ratio  of  596  to  1440,  or  i  to  2*42. 

392.  Jovian  years. —  Since  the  period  of  Jupiter  is  4332*6 
terrestrial  days,  it  will  consist  of  I0484'9  Jovian  days.' 


* 


*  The  day  here  computed  is  the  sidereal  day,  which,  in  the  case  of  the 
snperior  planets,  differs  from  the  mean  solar  day  by  a  quantity  so  insignifi- 
cant  that  it  may  be  n^lected  in  such  illustrations  as  these. 
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393.  Seasons. — At  the  Joyian  equinoxeB  the  length  of  the 
day  in  terrestrial  time  must  be  4**  57"  43* '3.  Owing  to  the  very 
small  obliquity  of  the  plane  of  the  planet's  equator  to  that  of  its 
orbit;  not  much  exceeding  the  eighth  part  of  the  obliquity  of  the 
earth's  equator,  the  difference  of  the  extreme  length  of  the  days 
at  midsunmier  and  midwinter,  even  at  high  latitudes,  must  neces- 
sarily be  smalL    Thus  at 

h    m   • 
Lat.400.— Longest  day         -         -         -         -         ^5616 
Shortest  day  -  «  -  -  -449   14 

Difbrence         -         -         -   o   17   ix 

Lat6QP.  — Longest  day  -  -  •  -  -    5    I5   47 

Shortest  day         -         -  -         -         -   4   39   5} 

Difference         •         -  -   o   35    54 

The  diumal  phenomena  at  midwinter  and  midsummer  on  the 
earth  in  latitudes  higher  than  66^^  are  only  exhibited  on  Jupiter 
within  a  small  circle  circumscribing  the  pole  at  a  distance  of 
ft'. 

The  extremes  of  temperature,  so  fSar  as  they  depend  on  the 
varying  distance  of  the  planet  from  the  sun,  being  in  the  propor- 
tion of  the  squares  of  the  aphelion  and  perihelion  distances,  are  as 
5  to  6  nearly. 

It  appears,  therefore,  that  except  in  the  near  neighbourhood  of 
the  poles,  the  vicissitudes  of  temperature  and  season  to  which  the 
surface  of  this  planet  is  exposed,  whether  arising  from  the  obli- 
quity of  its  axis  or  the  excentricity  of  its  orbit,  are  confined  within 
extremely  narrow  limits. 

394.  Telescopie  appearance  of  Xapiter. —  Of  all  the  bodies 
of  the  system,  the  moon  perhaps  alone  excepted,  Jupiter  presents 
to  the .  telescopic  observer  the  most  magnificent  spectacle.  Not- 
withstanding its  vast  distance,  such  is  its  stupendous  magnitude 
that  it  is  seen  under  a  visual  angle  nearly  twice  that  of  Mars.  A 
telescope  of  a  given  power,  therefore,  shows  it  with  an  apparent 
disk  four  times  greater.  It  has,  consequently,  been  submitted  to 
examination  by  the  most  eminent  observers,  and  its  appearances 
described  with  great  minuteness  of  detail. 

395.  MaffnifytniT  powers  neeessary  to  sliow  tbe  features 
of  tbe  disk. — A  power  of  four  or  five  is  sufficient  to  enable  the 
observer  to  see  the  planet  with  a  sensible  disk ;  a  power  of  thirty 
shows  the  more  prominent  belts  and  the  oval  form  of  the  disk 
produced  by  the  oblateness  of  the  spheroid )  but  to  be  enabled  to 
observe  the  finer  streaks  which  prevail  at  greater  distances  from 
the  planet's  equator,  it  is  not  only  necessary  to  see  the  planet  under 
favourable  circimistances  of  position  and  atmosphere,  but  to  be 
aided  by  a  well-defining  telescope  with  magnifying  powers  varying 
from  200  to  300. 


*  '•' 
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396.  Balfti  —  tbelr  amuivemeiit  and  ■ppT««c6«  —  The 

planet,  when  thus  viewed,  appears  to  exhibit  a  disk,  the  ground  of 
which  is  a  light  yellowish  colour,  brightest  near  its  equator^  and 
melting  gradually  into  a  leaden-coloured  grey  towards  the  poles, 
still  retaining,  nevertheless,  somewhat  of  its  yellowish  hue.  Upon 
this  ground  are  seen  a  series  of  brownish-grey  streaks,  reaembbng 
in  their  form  and  arrangement  the  streaks  of  clouds  which  are 
often  observed  in  the  sky  on  a  fine  calm  evening  after  sunset 
Many  observers  have  noticed  the  colour  of  these  streaks  as  having 
a  radish  tinge^  a  pale  brick-red.  Their  general  direction  is 
parallel  to  the  equator  of  the  planet,  though  sometimes  a  departure 
from  strict  parallelism  is  obdervable.  They  are  not  aU  equally 
conspicuous  or  distinctly  defined.  Two  are  generally  striMngly 
observable,  being  extended  north  and  south  of -die  planet's  equator, 
separated  by  a  bright  yellow  zone,  being  a  part  of  the  general 
ground  of  ^e  disk.  These  principal  streaks  commonly  extend 
around  the  globe  of  the  planet,  being  visible  without  much  change 
of  form  during  an  entire  revolution  of  Jupiter.  This,  however,  is 
not  always  the  case,  for  it  has  happened,  IJiough  rarely,  that  one  of 
these  streaks,  at  a  certain  point,  was  broken  sharply  off  so  as  to 
present  to  the  observer,  an  extremity  so  well  defined  and  im- 
varying  for  a  considerable  time  as  to  supply  the  means  of  ascer- 
taining, with  a  very  close  approximation,  the  time  of  the  planet's 
rotation.  The  borders  of  these  principal  streaks  are  sometimes 
sharp  and  even,  but,  sometimes  (those  especially  which  are  further 
from  the  equator)  rugged  and  uneven,  throwing  out  arms  and 
offshoots. 

397.  Tlioae  near  tbe  poles  more  laint. — On  the  parts  of 
the  disk  more  remote  from  the  equator,  the  streaks  are  miich  more 
faint,  narrower,  and  less  regular  in  their  parallelism,  and  can 
seldom  be  distinctly  seen,  except  by  practised  observers,  with  good 
telescopes.  With'  these,  however,  what  appears  near  tiie  poles,  in 
instruments  of  inferior  power,  as  a  dim  shading  of  a  yellowish 
grey  hue,  is  resolved  into  a  system  of  fine  parallel  streaks  in  close 
juxtaposition,  which  becoming  closer,  in  approaching  the  pole, 
finally  coalesce. 

398.  BUappear  near  tbe  limb. — In  general,  all  the  streaks 
become  less  and  less  distinct  towards  either  the  eastern  or  western 
limb,  disappearing  altogether  at  the  limb  itself. 

399.  Belts  not  xenoflrapbioal  featnresv  bat  atmoapberlc* 
— Although  these  streaks  have  infinitely  greater  permanency  than 
the  arrangements  of  the  clouds  of  our  atmosphere,  and  are,  as  we 
have  seen,  even  more  permanent  than  is  necessary  for  the  exact 
determination  of  the  planet's  rotation,  they  are  nevertheless  entirely 
destitute  of  that  permanence  which  would  characterise  Zenographic 
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features,  sucli  as  are  observed,  for  example,  on  Mars.  The  streaks, 
on  the  contrary,  are  subject  to  slow  but  evident  variations,  so  that 
after  the  lapse  of  some  months  the  appearance  of  the  disk  is  totally 
changed. 

400.  Telesoopio  drawliics  of  Japiter  bjr  Miiator  and  Ber- 
■ctael. — These  general  observations  on  the  appearance  of  Jupiter's 
disk  will  be  rendered  more  clearly  intelligible  by  reference  to  the 
telescopic  drawings  of  the  planet  given  in  Plate  XIX.  In  fig,  i 
is  given  a  telescopic  view  of  the  disk  delineated  by  Sir  John 
Herschel,  as  it  appeared  in  the  20-feet  reflector  at  Slough  on  the 
23rd  of  September^  1832.  The  other  views  were  made  by  M. 
Madler  firom  observations  taken  in  1835  and  1836,  at  the  dates 
indicated  on  the  plate. 

401.  Observattons  and  oondiislons  of  Madler. — The  two 
black  spots  represented  in  fi>gi.  2,  3,  and  4,  were  those  by  which 
the  time  of  rotation  was  determined  (391).  They  were  first 
observed  by  Madler,  on  the  3rd  of  November,  1 834.  The  efiect  of 
the  rotation  of  these  spots  was  so  apparent  that  their  change  of 
position  with  relation  to  the  centre  of  iiie  disk,  in  the  short  interval 
of  five  minutes,  was  quite  perceivable.  A  third  spot,  much  more 
faint  than  these,  was  visible  at  the  same  time,  the  distances  sepa- 
rating the  spots  being  about  24^  of  the  planet's  surface.  It  was 
estimated  that  the  diameter  of  each  of  the  two  spots  represented 
in  the  diagrams  was  3680  nules,  and  the  distance  between  them 
was  sometimes  observed  to  increase  at  the  rate  of  half  a  degree,  or 
330  miles,  in  a  month.  The  two  spots  continued  to  be  distinctly 
visible  from  the  3rd  of  November,  1 834,  when  they  were  first  ob- 
served, until  the  i8th  of  April,  1835 ;  but  during  tiiis  interval  the 
streak  on  which  they  were  placed,  had  entirely  disappeared.  It 
became  gradually  fiednter  in  January  (see  fiff,  4),  and  entirely 
vanished  in  Februaiy ;  the  spots,  however,  retaining  all  their  dis- 
tinctness. The  planet  after  April  passing  towards  conjunction, 
was  lost  in  the  light  of  the  sxm;  and  when  it  reappeared  in 
August,  after  conjunction,  the  spots  had  altogether  vanished. 

inie  observations  being  continued,  the  drawings,  figs,  5,  and  6, 
were  made  from  observations  on  the  i6th  and  171^  of  January, 
1836,  when  the  entire  aspect  of  the  disk  was  changed.  The  two 
figures  5  and  6  represent  opposite  hemispheres  of  the  planet. 
Tbe  former  presents  a  striking  resemblance  tp  the  principal  belts 
in  the  drawing  of  Sir  J.  Herschel,^.  i . 

It  was  remarked  that  the  two  spots,  when  carried  roxmd  by  the 
rotation,  became  invisible  at  55°  to  57°  from  the  centre  of  the 
disk.  This  is  an  efiect  which  would  be  produced  if  the  spots  were 
openings  in  the  mass  of  clouds  floating  in  the  atmosphere  of  the 
planet,  ^d  would  be  explicable  in  the  same  manner  as  is  the  d^s.- 
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appearance  of  spots  on  the  son  in  approaching  tibe  edges  of  the 
disk.  A  proper  motion  with  a  slow  yelocitj^  and  in  a  diiectiaa 
contrary  to  the  rotatioh  of  the  planet^  was  obserred  to  aflfect  the 
spots^  and  this  motion  continued  with  greater  unifoimity  in  Maidi 
and  April;  after  the  disappearance  of  the  belt. 

It  was  calculated  that  the  velocitj  of  their  proper  motion  over 
the  surface  of  the  planet^  was  at  the  rate  of  from  three  to  finir 
miles  an  hour. 

Although  the  two  black  spots  were  not  obeenred  hy  M&ilttT 
until  the  first  days  of  Norember,  they  had  been  previoiuly  seea 
and  examined  by  Schwabe^  who  observed  them  to  mideigo  aerenl 
curious  changes,  in  one  of  which  one  of  them  disappeared  £x  a 
certain  interval,  its  place  being  occupied  by  a  moss  of  £ne  dota 
It  soon,  however,  reappeared  as  before. 

From  all  these  circumstances,  and  many  others  developed  in  the 
course  of  his  extensive  and  long-continued  observations^  Madler 
considers  it  highly  probable,  if  not  absolutely  certain,  that  the 
atmosphere  of  Jupiter  is  continually  charged  with  vast  masses  (A 
clouds  which  completely  conceal  his  suiface;  that  these  douds 
have  a  permanence  of  form,  position,  and  arrangement  to  which 
there  is  nothing  analogous  in  the  atmosphere  of  the  earth,  and 
that  such  permanence  may  in  some  degree  be  explained  l^  the 
great  length  and  very  small  variation  of  the  seasons.  He  thinks 
it  probable  that  the  inhabitants  of  places  in  latitudes  above  40^ 
never  behold  the  firmament,  and  those  in  lower  latitudes  only  on 
rare  occasions. 

To  these  inferences  it  may  be  added  that  the  probable  cause 
assigned  for  the  distribution  of  the  masses  of  clouds  in  streaks 
parallel  to  the  equator,  is  the  prevalence  of  atmospheric  currents 
analogous  to  the  trades,  and  arising  from  a  like  cause,  but  marked 
by  a  constancy,  intensity,  and  regularity  exceeding  those  which 
prevail  on  the  earth,  inasmuch  as  the  diurnal  motion  of  the  sur- 
face of  Jupiter  is  more  rapid  than  that  of  the  earth  in  the  com- 
bined proportion  of  the  velocity  of  the  diurnal  rotation  and  the 
magnitude  of  the  circumference,  that  is,  as  27  to  i  nearly. 

It  is  also  probable  that  the  bright  yellowish  general  ground  of 
Jupiter's  disk  consists  of  clouds,  which  reflect  light  much  more 
strongly  than  the  most  dense  masses  which  are  seen  illuminated 
by  the  sun  in  our  atmosphere ;  and  that  the  darker  streaks  and 
spots  observed  upon  the  disk  are  portions  of  the  atmosphere, 
either  free  from  clouds  and  through  which  the  surface  of  the 
planet  is  visible  more  or  less  distinctly,  or  clouds  of  less  density 
and  less  reflecting  power  than  those  which  float  over  the  general 
atmosphere  and  form  the  groxmd  on  which  the  belts  and  spots  are 
seen. 
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That  the  atmosphere  has  not  any  very  extraordinary  height 
ahove  the  surface  of  the  planet,  is  proved  hy  the  sharply  defined 
edge  of  the  disk.  If  its  height  bore  any  considerable  proportion 
to  the  diameter  of  the  plane^  the  light  towards  the  edges  of  the 
disk  would  become  gradually  fiEdnter,  and  the  edges  would  be 
nebulous  and  ill-defined.    The  reyerse  is  the  case. 

402.  Bpberoidal  fdrm  of  tbe  planet.  — The  disk  of  Jupiter^ 
seen  with  magnifying  powers  as  low  as  30,  is  eyidently  oval,  the 
lesser  axis  of  the  ellipse  coinciding  with  the  axis  of  rotation,  and 
being  perpendicular  to  the  general  direction  of  the  belts.  This 
fact  supplies  a  striking  confirmation  of  the  results  attained  in  the 
measurement  of  the  curvature  of  the  earth ;  and,  as  in  the  case  of 
the  earth,  the  degree  of  oblateness  of  Jupiter  is  found  to  be  that 
which  would  be  produced  upon  a  globe  of  the  same  magnitude, 
having  a  rotation  such  as  the  planet  is  observed  to  have. 

At  the  mean  distance  from  the  earth,  the  apparent  diameters  of 
the  disk  are  ascertained  by  exact  micrometric  measures  made  at  the 
Koyal  Observatory,  between  the  years  1 840  and  i85i,tob6  — 

Equatorial  diameter  ......    ^f'-gi 

Polar  diameter       •  •  -  -  -  .  -35*66 

Mean  diameter  -         -    36  79 

The  polar  diameter  is  therefore  less  than  the  equatorial,  in  the 
ratio  of  100  to  106*3. 

403.  Jupiter's  eatellltee.  —  When  Galileo  directed  the  first 
telescope  to  the  examination  of  Jupiter,  he  observed  four  minute 
stars,  which  appeared  in  the  line  of  the  equator  of  the  planet. 
He  took  these  at  first  to  be  fixed  stars,  but  was  soon  undeceived. 
He  saw  them  alternately  approach  to,  and  recede  from  the  planet^ 
observed  them  pass  behind  it  and  before  it;  and  oscillate,  as  it 
were,  to  the  right  and  the  left  of  it,  to  certain  limited  and  equal 
distances.  He  soon  arrived  at  the  obvious  conclusion  that  these 
objects  were  not  fixed  stars,  but  that  they  were  bodies  which 
revolved  round  Jupiter  in  orbits,  at  limited  distances,  and  that 
each  successive  body  included  the  orbit  of  the  others  within  it ; 
in  short,  that  they  formed  a  miniature  of  the  solar  system,  in 
which,  however,  Jupiter  himself  played  the  part  of  the  sun.  As 
the  telescope  improved,  it  became  apparent  that  these  bodies  were 
small  globes,  related  to  Jupiter  in  the  same  manner  exactly  as  the 
moon  is  related  to  the  earth ',  that,  in  fact,  they  were  a  system  of 
four  moons,  accompanying  Jupiter  round  the  sun. 

404.  Rapid  olianffe  and  irreat  ▼ariety  of  pliases. — But  con- 
nected with  these  appendages  there  is  perhaps  nothing  more  re- 
markable than  the  period  of  their  revolutions.    That  moon  which 
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18  nearest  to  Jupiter,  completes  its  levolutioii  in  forlyotwo  lionn. 
In  that  brief  space  of  time  it  goes  through  all  its  Tarioas  phases ; 
it  is  a  thin  crescent;  halved,  gibbous,  and  full.  It  miut  be  remem- 
bered, however,  that  the  day  of  Jupiter,  instead  of  being  twenty- 
four  hours,  is  less  than  ten  hours.  This  moon,  therefore,  has  a 
month  equal  to  a  little  more  than  four  Jovian  days.  In  each  day 
it  passes  through  one  complete  quarter ;  thus,  on  the  firat  day  of 
the  month  it  passes  from  the  thinnest  crescent  to  the  half  moon; 
on  the  second,  from  the  half  moon  to  the  fidl  moon ;  on  the  third, 
from  the  full  moon  to  the  last  quarter ;  and  on  the  fourth  letonu 
to  conjxmction  with  the  sun.  So  rapid  are  these  changes  that  they 
must  be  actually  visible  as  they  proceed. 

The  apparent  motion  of  this  satellite  in  the  firmament  cf  Jupiter 
is  at  the  rate  of  more  than  8^°  per  hour,  and  is  the  same  as  if  oar 
moon  were  to  move  over  a  space  equal  to  her  own  apparent  dia* 
meter,  in  less  than  four  minutes.  Such  an  object  -would  aem 
the  purpose  of  the  hand  of  a  stupendous  celestial  dock. 

The  second  satellite  completes  its  revolution  in  about  eighty-five 
terrestrial  hours,  or  about  eight  and  a  half  Jovian  days.  It  passes, 
therefore,  from  quarter  to  quarter  in  twenty-one  houiBy  or  ahoot 
two  Jovian  days,  its  apparent  motion  in  the  firmament  being  at 
the  rate  of  about  4^*25  per  hour,  which  is  as  if  our  moon  were  to 
move  over  a  space  equal  to  nine  times  its  own  diameter  per  hour, 
or  over  its  own  diameter  in  less  than  seven  minutes. 

The  movements  and  changes  of  phase  of  the  other  two  moons 
are  not  so  rapid.  The  third  passes  through  its  phases  in  about  1 70 
hours,  or  seventeen  Jovian  days,  and  its  apparent  motion  is  at  tiie 
rate  of  about  2^  per  hour.  The  fourth  and  last  completes  its 
changes  in  400  hours,  or  forty  Jovian  days,  and  its  apparent 
motion  is  at  the  rate  of  little  less  than  l°  per  hour,  being  double 
the  apparent  motion  of  our  moon. 

Thus  the  inhabitants  of  Jupiter  have  four  different  months  of 
four,  eight,  seventeen,  and  forty  Jovian  days,  respectively. 

405.  Blonffatlon  of  tbe  satellites. — The  appearance  which 
the  satellites  of  Jupiter  present  when  viewed  with  a  telescope  of 
moderate  power,  is  that  of  minute  stars  ranged  in  the  direction  of 
a  line  drawn  through  the  centre  of  the  planet's  disk  nearly  parallel 
to  the  direction  of  the  belts,  and  therefore  coinciding  with  that 
of  the  planet's  equator.  The  distances  to  which  they  depart  on  the 
one  side  or  the  other  of  the  planet  are  so  limited,  that  the  whole 
system  is  included  within  the  field  of  any  telescope  whose  magni- 
fying power  is  not  considerable;  and  their  elongations  from  the 
centre  of  the  planet  can  therefore  be  measured  with  great  precision 
by  means  of  the  wire  micrometers. 

When  the  apparent  diameter  of  the  planet  in  opposition  is  45^', 
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the  greatest  elongations  of  the  satellites  from  the  centre  of  the 
planet's  disk  are  as  follow :  — 

II.     -  -  -  -  -    415 

III 34S 

IV 585 

It  follows,  therefore,  that  the  entire  system  is  comprised  within  a 
visual  area  of  about  1 200''  in  extent,  being  two-thirds  of  the  ap- 
parent diameter  of  the  moon.  If,  therefore,  we  conceive  the  moon's 
disk  to  be  centrically  superposed  on  that  of  Jupiter,  not  only  would 
all  the  satellites  be  covered  by  it,  but  that  which  elongates  itself 
most  firom  the  planet  would  not  approach  nearer  to  the  moon's  edge 
than  one-sixth  of  its  apparent  diameter. 

If  all  the  satellites  were  at  the  same  time  at  their  greatest  elon- 
gations, they  would,  relatively  to  the  apparent  diameter  of  the 
planet,  present  the  appearance  represented  in^.  68. 


Fig.  68. 

406.  Blstanees  from  Japiter. — The  actual  distances  of  the 
satellites  from  the  centre  of  the  planet  may  be  immediately  inferred 
from  a  comparison  of  their  greatest  elongaticms  with  the  apparent 
semi-diameter  of  the  planet.  Since,  in  the  case  above  supposed, 
the  apparent  semi-diameter  of  the  planet  is  22^^*5,  the  distances 
will  be  found  expressed  with  reference  to  the  semi-diameter  as  the 
unit,  by  dividing  the  greatest  elongations  expressed  in  seconds  by 
22*5.    This  gives  for  the  distances :  — 

I.     .        .        -121=6^0 

22*5 

II.       .  .  -i!l  =  9H5 

IIL       -  -  -  !£«i5-4 

22*5 

Relatively  to  the  magnitude  of  the  planet,  therefore,  the  satellites 
revolve  much  closer  to  it  than  the  moon  does  to  the  earth.  The 
distance  of  the  moon  is  nearly  60  semi-diameters  of  the  earth, 
while  the  distance  of  the  most  remote  of  Jupiter's  moons  is  not 
more  than  26  semi-diameters,  and  that  of  the  nearest  only  six, 
from  his  centre. 
Owing,  however,  to  the  greater  dimensions  of  J\x!^\^t)  ^^ 

B  7, 
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actual  diBtances  of  the  satellites,  expressed  in  miles,  aie  (except 
that  of  the  first)  considerably  greater  than  the  <^W^im^  of  the  moon 
from  the  earth. 

407.  Orbits  of  satellites. — The  orbits  of  the  satellites  are 
eUipses  of  very  Bmall  ellipticity,  inclined  to  the  plane  of  Jupiter's 
orbit  at  very  small  angles,  as  is  made  apparent  hj  their  motioiu 
being  always  very  nearly  coincident  with  the  plane  of  the  plaiiet*8 
equator,  which  is  inclined  to  that  of  its  orbit  at  the  small  angle  of 
3-  5'  30- 

408.  Api^tfeat  and  real  nsavaitiides. — The  sateUites,  il- 
though  reduced  by  distance  to  mere  ludd  points  in  oidinaxj  tde- 
Bcopes,  not  only  exhibit  perceptible  disks  when  ohaerred  br 
instruments  of  sufficient  power,  but  admit  of  pietty  fif^'inf**^ 
measurement.  At  opposition,  when  the  apparent  Hiy^mgtgr  of  die 
planet  is  45^',  all  the  satellites  subtend  angles  exceeding  i",  md 
the  third  and  fourth  appear  under  angles  of  i}'^  and  I^'^  BjF 
observing  these  apparent  diameters  with  all  practicable  pzedsion, 
their  real  diameters  have  been  ascertained  ss  foUowa  :  — 

I.     ■        -        •        • 

IL  -  -  -  . 
III.  -  .  -  - 
IV 

It  appears,  therefore,  that  with  the  exception  of  the  second,  wliidi 
is  exacdy  equal  in  magnitude  to  the  earth's  moon^  all  the  others 
are  on  a  much  larger  scale ;  and  one  of  them,  the  third,  is  greater 
than  the  planet  Mercuiy,  while  the  fourth  is  veiy  nearly  equal  to  it 

Some  observers  make  the  diameters  slightly  different  fiY>m  those 
inserted  above. 

409.  Apparent  marnltades  as  seen  flrom  Jii|»iter. — By 
comparing  their  real  diameters  with  their  distances,  the  apparent 
diameters  of  the  several  satellites,  as  seen  from  Jupiter,  may  be 
easily  ascertained.  By  dividing  the  actual  distances  of  the  sateUites 
from  Jupiter  by  206,265,  we  obtain  the  linear  value  of  i"  at  such 
distance ;  and  by  dividhig  the  actual  diameters  of  the  satellites 
respectively  by  this  value,  we  obtain,  in  seconds,  their  apparent 
diameters  as  seen  from  Jupiter. 

In  making  this  calculation,  however,  it  is  necessary  to  take  into 
account  the  magnitude  of  the  semi-diameter  of  the  planet^  which  is 
assumed  to  be  44,320  miles ;  since  it  is  from  the  surface,  and  not 
from  the  centre,  that  the  satellite  is  viewed. 

It  follows,  from  a  calculation  made  on  these  principles,  using  the 
values  inserted  in  (406)  and  (408),  that  the  apparent  magnitudes 
of  the  four  satellites,  seen  from  any  part  of  the  surface  not  fea 
removed  from  the  equator  of  the  planet,  are,  for  the  first  35'  50", 
for  the  second  1 8'  40'',  for  the  third  1 8'  1 2'',  and  for  the  fourth 
8'  58''. 
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The  first  satellite,  therefore^  has  an  apparent  diameter  equal  to 
that  of  the  moon ;  the  second  and  third  are  nearly  equal,  and  about 
half  that  diameter ;  and  the  apparent  diameter  of  the  other  satel- 
lite is  about  the  fourth  part  of  that  of  the  moon. 

It  may  be  easily  imagined  what  various  and  interesting  noctur- 
nal phenomena  are  wilxiessed  by  the  inhabitants  of  Jupiter,  when 
the  various  magnitudes  of  these  four  moons  are  combined  with  the 
quick  succession  of  their  phases^  and  the  rapid  apparent  motions  of 
the  first  and  second. 

By  the  relation  between  the  mean  motions  of  the  first  three 
satellites,  they  never  can  be  at  the  same  time  on  the  same  side 
of  Jupiter ;  so  that  whenever  any  one  of  them  is  absent  from  the 
firmament  of  the  planet  at  night,  one  at  least  of  the  others  must  be 
present.  The  Jovian  nights  are,  therefc«e,  always  moonlit^  except 
during  eclipses  (which  take  place  at  every  revolution),  and  often 
enlightened  at  once  by  three  moons  of  difierent  apparent  magnitudes, 
and  seen  under  different  phases. 

410.  Api^tfant  mavBltades  of  Xnpiter  as  seen  flroas  tlia 
satellites. — Since  the  apparent  diameter  of  the  planet  seen  from 
a  satellite  is  twice  its  horizontal  parallax,  that  of  each  satellite  as 
viewed  from  the  surface  of  Jupiter,  being  respectively  about 
9°' Si  ^°>  3^'^f  *^d  z^^'i,  it  follows  that  the  apparent  diameter  of 
Jupiter  seen  from  the  first  satellite  is  about  19^,  from  the  second 
1 2°,  from  the  third  7®-2,  and  from  the  fourth  4°*2.  The  disk  of 
Jupiter,  therefore,  appears  to  the  first  with  a  diameter  eighteen 
times  greater,  and  a  sur&ce  320  times  greater  than  that  of  the  full 
moon. 

411.  Mass  of  Japtter. — ^The  following  are  the  estimates  of  the 
mass  of  the  planet  obtained  by  processes  susceptible  of  great 
precision,  that  of  the  sun  being  unity : 


Laplace-  -  •  — — 

1070. 

Nicolai  -  -  -  -i- 

1054. 

I 


Airy 


Santini    ....    J— 

105a 

Bessel     ...  _J_ 

1046. 


1048*69. 

The  computations  by  MM.  Airy,  Santini,  and  Bessel  were  con- 
ducted on  principles  such  as  to  secure  the  greatest  attainable 
precision,  and  these  estimates  are  confirmed  by  observations  on 
the  perturbations  produced  by  Jupiter  on  the  smaller  planets. 

Since  the  mass  of  the  sun  is  about  355,000  times  that  of  the 
earth,  while  it  is  only  1050  times  that  of  Jupiter,  it  follows  that 
the  mass  of  Jupiter  exceeds  that  of  the  earth  in  the  ratio  of  3550 
to  10*50,  or  338  to  I. 

The  comparatively  great  mass  of  Jupiter  explains  the  very  short 
periods  of  his  satellites  compared  with  that  of  the  mooii, 
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At  greater  distances  from  Jupiter  than  that  of  the  moon  firam 
the  earthy  they  nevertheless  revolve  in  periods  much  ahorter  than 
that  of  the  moon^  and  are  affected  hy  centrifugal  forces,  whidi 
exceed  that  of  the  moon  in  a  ratio  which  may  be  determined  by 
the  periods  and  distances;  and  which  must  be  reaisted  by  the  at- 
traction of  a  central  mass  proportionally  greater  than  that  of  tiie 
earth.  It  would  be  easy  to  show  that,  if  the  earth  were  attended 
by  a  similar  system  of  moons^  at  like  distances  &om  its  centre, 
their  periods  would  be  about  eighteen  times  greater  than  those  d 
Jupiter's  satellites. 

412.  Their  mutual  perturbatioiiaa — The  mutual  attnctiims 
of  the  masses  of  the  satellites,  and  the  inequality  of  the  attmctian 
of  the  Sim  upon  them,  produce  an  extremely  complicated  Bystem 
of  disturbing  actions  on  their  motions,  which  has  nevertheless  been 
brought  witii  great  success  under  ike  dominion  of  analysis  by 
Laplace  and  Lagrange.  This  is  especially  the  case  "with  the  three 
inner  satellites,  whose  motions,  but  for  this  cause^  would  be 
sensibly  uniform.  The  effect  of  these  disturbing  forces  is  never- 
theless mitigated  and  limited  by  the  very  small  excentricities  and 
inclinations  of  the  orbits  of  the  satellites. 

413.  Bensity  of  Jupiter. —  The  volume  of  Jupiter  bdng 
greater  than  that  of  the  earth  in  the  ratio  of  1400  to  i,  while  its 
mass  is  greater  in  the  inferior  ratio  of  338  to  i  nearly,  it  foUows, 
that  the  density  of  the  matter  composing  the  planet^  is  less  than 
the  mean  density  of  the  earth  in  the  ratio  of  the  above  numbers,  or 
O' 24 1 43.  Its  mean  density  is,  therefore,  less  than  one-fourth  of 
that  of  the  earth. 

414.  Masses  and  densities  of  tbe  satellites. — ^The  masses  of 
the  satellites  are  determined  by  their  mutual  disturbances,  and 
the  densities  are  deduced  as  usual  from  a  comparison  of  these 
masses  with  their  volumes.  Li  the  following  table  are  given  the 
masses  as  compared  with  the  primary  and  with  the  earth,  and  their 
densities  as  compared  with  the  earth  and  with  water. 


8atelUte. 

Mass,  that  of  Jupiter 

^^   1. 

Mass,  that  of  Earth 

S5  !• 

Deniity,  that  of  Earth 

Density,  that  of  Water 
ssl. 

I. 
II. 
Ill 
IV. 

o'ODOoiyj 

OOOCX)23£ 

0*0000885 

O'O00Q427 

0*00576 

0-00773 
0-02947 

0*01422 

o*oioi6 
o*o|oi5 
0*06984 
003915 

0114? 
0-1710 
0-3960 

o*zzi5 

Thus  it  appears  that  the  density  of  the  matter  composing  these 
satellites  is  much  smaller  than  those  of  any  other  bodies  of  the 
system  whose  densities  are  known. 

It  follows,  therefore,  that  the  first  satellite  must  be  composed  of 
matter  which  is  twice  as  light  as  cork,  the  density  of  which  is 
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0*240 ;  and  tliat  of  the  third,  which  consists  of  the  heaviest  matter^ 
is  not  more  dense  than  the  lightest  sort  of  wood^  such,  for  ex- 
ample, as  the  common  poplar^  whose  density  is  0*383  (H.  91.) 

It  is  remarkahle  that  this  extremely  small  degree  of  density 
is  not  foxmd  in  the  earth's  satellite,  the  density  of  which,  though 
less  than  that  of  the  earthy  is  still  more  than  twice  the  density  of 
water. 

The  relation  of  the  density  of  the  earth  to  that  of  water  in  the 
preceding  table,  is  inferred  from  the  determination,  by  Mr.  Baily, 
of  the  mean  density  of  the  earth  by  the  method  known  as  the 
Cavendish  experiment  (80).  The  values  in  the  last  colunm  giving 
the  density  of  the  satellites  would  be  increased  if  the  result  obtained 
from  the  Harton  pendulum  experiments  had  been  used  (81). 

The  planets  Mercury  and  Mars,  which  are  so  nearly  of  the  same 
magnitudes  as  the  third  and  fourth  satellites,  show  in  a  striking 
manner,  the  difference  of  the  matter  composing  them,  by  the  great 
difference  of  their  densities.  The  mean  specific  weight  of  the 
materials  composing  these  planets  is  nearly  the  same  as  that  of 
those  which  compose  the  earth,  while  the  materials  of  the  third 
satellite  are  thirteen  ^times^  and  that  of  the  fourth  twenty-five 
times  lighten 


n.  Satueit. 

415.  Batonilaii  system. —  Beyond  the  orbit  of  Jupiter  a  space 
but  little  less  in  width  than  that  which  separates  that  planet  from 
the  sxm  is  xmoccupied.  At  its  limit  we  encounter  the  most  ex- 
traordinary object  in  the  system, — a  stupendous  globe,  nearly  nine 
hxmdred  times  greater  in  volume  than  the  earth,  surrounded  by 
two,  at  least,  and  probably  by  several  thin  flat  rings  of  solid 
matter,  outside  which  revolve  a  group  of  eight  moons ;  this  entire 
system  moving  with  a  common  motion  so  exactly  maintained,  that 
no  one  part  falls  upon,  overtakes,  or  is  overtaken  by  another,  in 
their  course  around  the  sun. 

Such  is  the  Sattjbnian  system:,  the  central  body  of  which  was 
known  as  a  planet  to  the  ancients,  the  fl-TmnUr  appendages  and 
satellites  being  the  discovery  of  modem  times. 

416.  Period. —  By  the  usual  methods  the  sidereal  period  of 
Saturn  has  been  ascertained  to  be  10759*22  days,  or  29*457  years. 
The  synodic  period  is  about  378  days. 

417.  Mean  and  extreme  dtstanoee  flrom  tlie  eon. — The 
mean  distance  from  the  sxm  is  9*54;  or  more  exactly  9*538852, 
that  of  the  earth  being  =  i . 

Taking  the  earth's  mean  distance  as  95  millions  of  mik&)  '^ils^s!;^ 

R4 
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of  Saturn  will  thfn  be' 906  miUionB  of  milefl.  Tlie  ezeentaidtf 
iif  Saturn's  oTbit  bein^r  0056,  this  distance  a  liable  to  variatioD, 
being  augmented  in  apbelion,  and  ditoinubed  itt  perihelioa  bj  tbe 
eighteenth  part  of  it«  whole  amount.  The  greatrart  dietcmce  of  t^e 
planet  from  the  Bun  is  therefora  about  956,  and  the  least  is  about 
8;6,  millions  of  miles. 

41 S.  K«Iatlv«  ■eala  «r  ovMt 
Mul  Olstmnoe  ftam  Mm  iibi  iii 
—  The  relative  proportioii  of  the 
orbits  of  Saturn  and  the  earth  an 
represented  in_^.  69,  -where  st"^' 
ia  tbe  earth's  orbit,  and  a  ef  Satom's 
distance  from  the  sun.  The  finir 
positions  of  the  earth 


£    when  the  planet   ia  in  oppo- 

£"'wben  the  planet  is  in  canjnDC' 

b'  in  quadratut«  west  of  the  snn. 
£"  in  quadrature  east  of  the  sun. 

419.  OreKt  •oale  af  tbc  orbt- 
tal  moUoii.  —  The  distance  of 
Saturn  from  the  aun  ia  therefore 
BO  enormous,  that  if  the  vhols 
earth's  orbit,  measuring  nearly  acx) 
milli  ns  of  miles  in  diameter  were 
t  Ikd  with  a  sun,  that  sun  seen 
fr  m  Saturn  would  be  only  about 
twont}  four  times  greater  in  ita  ap- 
parent diameter  thou  is  the  actual 
sun  seen  from  the  earth.  A  camiou 
ball  moimg  at  500  mUes  an  hour, 
would  take  about  200  yeara,  and  a 
railway  trun,  moving  50  miles  an 
hour,  would  take  about  2000  year* 
te  move  from  Saturn  to  the  sun. 
Light,  which  moves  at  the  rate  of 
nearly  200,000  miles  per  second, 
FJg.  6f,  takes  I  hour  1 5  niinutes  to  move 

over  the  same  distance.  Yet  to 
this  distance  solar  gravitation  txansnuts  its  mandates,  and  is 
obeyed  vrith  the  utmost  promptitude  and  the  moat  unerring  pre- 


THE  MAJOR  PLANETS— SATURN.  2+9 

Taking  the  diameter  of  Saturn's  orbit  at  1 800  millions  of  miles^ 
its  circumference  is  5650  millions  of  miles^  over  which  it  moves 
in  10,759  ^^7^'  I^  daily  motion  is  therefore  525^140  miles^  and 
its  hourly  21,880  miles. 

420.  Vo  phases. — It  is  evident  from  what  has  been  explained 
in  relation  to  Jupiter  (384),  that  neither  Saturn  nor  any  more 
distant  planet  can  have  sensible  phases. 

421 .  Btatlons  and  retroffression. — From  a  comparison  of  the 
orbital  motion  and  varying  distance  between  the  earth  and  Saturn, 
it  appears  that  the  stations  of  the  planet  take  place  at  about  65 
days  before  and  after  opposition.  Since  the  earth  gains  upon  the 
planet  at  the  mean  rate  of  0^*9526  per  day,  the  angle  at  the  sun 
corresponding  to  65  days  will  be  6i°'92,  which  corresponds  to  an 
elongation  of  1 1 3^  The  planet  is  therefore  stationaiy  at  elonga- 
tion 67°  east  and  west  of  opposition. 

Its  arc  of  retrogression  varies  from  6^41'  to  6®  55', 

422.  Aiiparent  and  real  diameter. — This  planet  appears  as 
a  star  of  the  first  magnitude,  with  a  faint  reddish  light.  Its  appa- 
rent brightness,  compared  with  that  of  Mars,  is  greater  than  that 
which  is  due  to  their  apparent  magnitudes  and  distances,  a  circum- 
stance which  is  explained,  as  in  the  case  of  Jupiter,  by  the  more 
feebly  reflective  power  of  the  surface  of  Mars. 

The  disk  is  visibly  oval,  and  traversed,  like  that  of  Jupiter,  by 
streaks  of  light  and  shade  parallel  to  its  greater  axis ;  but  these 
belts  are  much  more  faint  and  less  pronounced  than  those  of  Jupi- 
ter. One  principal  grey  belt,  which  lies  along  the  greater  axis  of 
the  disk,  is  almost  unchangeable. 

Sir  William  Herschel  imagined  that  the  disk  had  the  form  of  an 
oblong  rectangle,  rounded  at  the  comers,  the  length  being  in  the 
direction  of  the  belts.  More  recent  observations  and  micrometrical 
measurements  made  at  Konigsberg,  by  Professor  Bessel,  and  at 
Greenwich  by  Mr.  Main,  have  shown,  however,  the  true  form  to  be 
an  ellipse.  According  to  the  measures  of  M.  Bessel,  the  apparent 
magnitude  of  the  greater  axis  of  the  disk  is  17^^*053,  and  that  of 
the  lesser  axis  I5''*394.  The  observatiMis  of  Professor  Stnlve, 
made  with  the  Dorpat  instruments,  give  I7";99i  for  the  greater 
axis ;  the  difference  of  the  two  estimates,  0^^*938,  being  less  than  a 
second.  The  measures  by  Mr.  Main,  in  1 848  and  1 849,  were  made 
when  the  ring  was  invisible,  by  the  double  image  micrometer  (20), 
mounted  on  one  of  the  principal  equatorials  at  the  Royal  Obser- 
vatory. The  apparent  angular  magnitude  at  the  planet's  mean 
distance,  resulting  from  these  observations,  is  for  the  equatorial  axis, 
1 7''*5o  I ,  and  for  the  polar  axis,  1 5"*6o4,  giving  for  the  value  of  the 

At  the  mean  distance  of  Saturn,  the  lineax  ^«i\X!b  oi  cs^<^  ^^^^-^ 


of  BpBce  b  4392'5,  the  octoid.  mignitude,  Uiemfbrny  at  the  eqiu- 
torial  Rud  polar  diameUn  deteimined  hj  the  difi^snt  obaepftm 

an  aa  follow :  — 


luta  -  -  .  .  ?&,|         a.i5  S:?5  : 

The  differencea  in  the  above  tesnlts  are  no  gre«tar  than  migU 
have  been  ezpacted,  considering  the  difficultr  nttending  thia  daaa 
of  astronomical  obaerration ;  we  inay,  therefor^  definitelj  ■amnw 
the  actual  diameter  of  the  planet  to  be  abovt  thenteaoof  the  thna 
detennination^  or  for  the  equatorial  diametei,  76,93^  milea,  fot 
the  polar  diameter,  69,173  milea,  and  for  the  mean  diatnetei  of 
the  planet  73,054  milea. 

llie  oblateneea  or  ellipticitr  of  Satmn  may  ba  ^Eprened  m 
equal  to  one-tenth  of  tiie  greatet  axis  of  the  plsiiet. 

423.  KelMlv*  masBltndM  itf  •Mtont  and  Vha  eanb. — The 
rdatiTe  magmtndes  of  Satan  and  the  earth  are  repraaentad  inj^. 
70,  the  volume  [^Satoin  being  787  times  greater  tim  thatoftha 


424.  stomal  Mtatton. — From  observations  on  the  appftroit 

motion  of  spots  on  the  disk  of  the  planet,  it  has  been  ascertained  to 
have  a  motion  of  rotation  upon  the  shorter  axis  of  the  ellipae 
formed  by  its  disk,  iu  10^  29°  17'.  A  teirestrial  day  is  theiefoie 
equal  to  2-2883  Satumian  days. 

425.  InoUBaUon  of  ttae  azla  to  ibe  orbft. — The  general 
direction  of  the  motion  of  rotation  has  been  ascertained  t«  be  such 
that  the  inclination  of  the  equator  of  the  planet  U>  the  plane  of  the 
orbit  is  26°4S'  40",  and  its  inclination  to  the  plane  of  the  ecliptic 
is  28"  io'44"7. 

The  axis,  like  that  of  the  earth,  amd  those  of  the  other  planets. 
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whoM  Totetdon  has  been  ascertaiiied,  ie  canied  panllel  to  itself  in 
die  orbital  motion  of  the  planet. 

The  consequence  of  this  Bnaagement  is,  tint  the  year  of  Saturn 
is  raried  bj  the  sfune  Booceeaioa  of  Beasoiu,  rnhject^to  the  same 
range  of  temperatura  as  those  which  prevail  on  our  globe. 

426.  Batanlaa  d»rs  utA  nltM*.  Tmut.  —  The  alternation 
of  light  and  darkness  is  therefore  nearly  the  same  as  upon  Jupiter. 
This  rapid  return  aC  day,  after  an  interral  of  fire  hours  ni^t,  seema 
to  assume  tiie  characteT  of  a  low  among  the  major  planett,  as  the 
interval  of  twdve  hours  certainly  does  among  the  minor  planets. 

The  year  of  Saturn  is  equal  is  dniBtdon  to  10,759  terrestrial  days. 
But  since  a  tenwfarial  day  ia  equal  to  2'z8S3  Satumian  days,  the 
nnmbert^  Satuniaa  days  in  theSatumian  year  must  be  ahoati4,62tx 

417.  S«lto  and  MmiMpbeM. — Streaks  of  Ught  and  shade 
parallel  in  their  general  direction  to  the  planet's  equator  have  been 
observed  on  Saturn,  sunilar,  in  all  Tespects,  to  the  belts  of  Jupiter, 
and  affording  like  evidence  of  an  atmosphere  surrounding  the  planet 
attended  with  the  like  sy  stern  of  currents  analogous  to  the  trades. 
Such  an  inference  involves,  as  in  tJie  fbimer  case,  the  admission  of 
liquid  producing  vapour  to  form  clouds  and  other  meteorological 
phenomena. 

428.  Sol*r  Uiftt  sBdhMit. — The  apparent  diameter  of  the 
son  as  seen  from  Saturn  is  9'519  times  less  flkaii  as  seen  from  the 


earth ;  and  since  its  mean  apparent  diameter,  as  seen  from  the  earth, 
is  1914",  its  apparent  diameter,  as  seen  from  Saturn,  most  be 
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The  comparatiye  apparent  magnitudes  aie  lepreiented  in  Jig.  71, 
where  e  represents  the  disk  of  the  sun  as  seen  from  the  earth,  and 
8  as  seen  fiT>m  Saturn. 

The  intensity  of  solar  light  is  less  in  the  ratio  of  i  to9-539'a 
91  ;  and  its  optical  and  calorific  influences  with  this  reduced 
intensity  are  subject  to  the  observations  already  made  in  the  case 
of  Jupiter  (390). 

429.  ainra.  —  The  invention  of  the  telescope  having  invested 
astronomers  with  the  power  of  approaching,  for  optical  purposes, 
hundreds  of  times  closer  to  the  objects  of  their  observation,  one  of 
the  earliest  results  of  the  exercise  of  this  improved  sense  was  the 
discoveiy,  that  the  disk  of  Saturn  differed  in  a  remarkable  manner 
from  those  of  the  other  planets  in  not  being  circular.  It  seemed 
at  first  to  be  a  flattened  oblong  oval,  approaching  to  the  form  of  an 
elongated  rectangle,  rounded  off  at  the  comers.  As  the  optical 
powers  of  the  telescope  were  improved,  it  assumed  the  appearance 
of  a  great  central  disk,  with  two  smaller  disks,  one  at  each  side  of 
it.  These  lateral  disks  took  the  appearance  of  handles  or  ears, 
like  the  handles  of  a  vase  or  jar,  and  they  were  accordingly  called 
the  ansee  of  the  disk,  a  name  which  they  still  retain.  At  length, 
in  1659,  Huygens  explained  the  true  cause  of  this  phenomenon,  and 
showed  that  the  planet  is  surrounded  by  a  ring  of  opaque  solid 
matter,  in  the  centre  of  which  it  is  suspended,  and  that  what 
appear  as  ansae  are  those  parts  of  the  ring  which  lie  beyond  the 
disk  of  the  planet  at  either  side,  which  by  projection  are  reduced 
to  the  form  of  the  parts  of  an  ellipse  near  the  extremities  of  its 
greater  axis,  and  that  the  open  parts  of  the  ansee  are  produced  by 
the  dark  sky  visible  through  the  space  between  the  ring  and  the 
planet. 

The  improved  telescopes  and  greatly  multiplied  number,  and 
increased  zeal  and  activity  of  observers,  have  supplied  much  more 
definite  information  as  to  the  form,  dimensions,  stractiire,  and 
position  of  this  most  extraordinary  and  unexampled  appendage. 

It  has  been  ascertained,  that  it  consists  of  an  annular  plate  of 
matter,  the  thickness  of  which  is  very  inconsiderable  compared 
with  the  superficies.  It  is  nearly,  but  not  precisely  concentric 
with  the  planet,  and  in  the  plane  of  its  equator.  TMs  is  proved 
by  the  coincidence  of  the  plane  of  the  ring  with  the  general  di- 
rection of  the  belts,  and  with  that  of  the  apparent  motion  of  the 
spots  by  which  the  diurnal  rotation  of  the  planet  has  been  as- 
certained. 

When  telescopes  of  adequate  power  are  directed  to»  the  ring 
presented  under  a  favourable  aspect,  dark  streaks  are  seen  upon 
its  surface  similar  to  the  belts  of  the  planet.  One  of  these  having 
been  observed  to  have  a  permanence  which  seemed  incompatible 
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with  the  admission  of  the  same  atmospheric  cause  as  that  which 
has  been  assigned  to  the  belts,  it  was  coi^jectared  that  it  arose 
from  a  real  separation  or  division  of  the  ring  into  two  concentric 
rings  placed  one  within  the  other.  This  conjecture  was  converted 
into  certainty  by  the  discovery,  that  the  same  dark  streak  is  seen 
in  the  same  position  on  both  sides  of  the  ring.  It  has  even  been 
affirmed  by  some  observers  that  stars  have  been  seen  in  the  space 
between  the  rings ;  but  this  requires  confirmation.  It  is^  however, 
considered  as  proved,  that  the  system  consists  of  two  concentric 
rings  of  unequal  breadth,  one  placed  outside  the  other  without  any 
mutual  contact. 

The  plane  of  the  rings,  being  always  at  rigbit  angles  to  the  axis 
of  the  planet,  is,  like  the  axis,  carried  by  the  orbital  motion  of  the 
planet  parallel  to  itself,  so  that  during  the  year  of  Saturn,  it  under- 
goes changes  of  position  in  relation  to  the  radius  vector  of  the 
planet,  or  to  a  line  drawn  from  the  sun  analogous  to  those  which 
the  earth's  equator  undergoes.  Since  the  plane  of  the  rings  coin- 
cides with  that  of  the  Satumian  equator,  therefore,  it  will  be 
directed  to  the  sun  at  the  epochs  of  the  Satumian  equinoxes ; 
and,  in  general,  the  angle  which  the  radius  vector  from  the 
sun  makes  with  the  plane  of  the  ring,  will  be  the  sun's  decli- 
nation as  seen  from  Saturn.  This  angle,  therefore,  at  the  Satumian 
solstices  will  be  equal  to  the  obliquity  of  Saturn's  equator  to  his 
orbit,  that  is,  to  26°  48'  40^^,  and  at  the  Satumian  equinoxes  wiU 
be  0^(425). 

430.  Posltton  of  nodes  of  rtag  and  Inclination  to  ecliptic. 
—  The  investigation  of  the  position  of  the  plane  of  the  ring  in 
space  was  undertaken  and  conducted  with  great  ability  and  success 
by  Prof.  Bessel,  by  means  of  an  elaborate  comparison  of  all  the 
recorded  observations  on  the  phases  of  the  ring  from  1701  to 
1832.  The  result  proved  that  the  line  of  intersection  of  the  plane 
of  the  ring^  and,  therefore,  that  of  the  equator  of  the  planet  with 
the  plane  of  the  ecliptic,  is  parallel  to  that  diameter  of  the  celestial 
sphere  which  connects  the  two  opposite  points  whose  longitudes 
are  166°  53'  8'' -9  and  346®  53'  8''*9,  the  former  being  the  longi- 
tude of  the  point  at  which  the  rings  pass  from  the  south  to  the 
north  of  the  ecliptic,  and  which  is,  therefore,  the  ascending  node 
of  the  rings.  It  also  resulted  from  this  investigation  that  the 
angle  formed  by  the  plane  of  the  rings,  and,  therefore,  of  the 
Satumian  equator  with  the  plane  of  the  ecliptic,  is  28°  10'  44'^7. 

These  longitudes  and  obliquity  were  those  which  corresponded 
to  the  I  st  of  January,  1 800.  It  was  sho¥na  that  the  nodes  of  the 
ring  have  a  retrograde  motion  on  the  ecliptic  at  the  mean  rate  of 
46^^*462  per  annum. 

It  resulted  from  the  observations  of  Professor  Strove^  madA^sR\&^. 
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the  great  Dorpat  refractor,  that  the  obliquity  of  the  plane  of  H 
rin^j:  to  that  of  the  ecliptic  is  28^  5'  54'',  subject  to  a  poaeilkle  era 
of  6'  24''. 

The  observations  and  measurements  of  these  twx>  eminent  uftn 
nomers  are,  therefore,  in  as  perfect  accordance  as  the  degiee  \ 
perfection  to  which  the  instruments  of  obseryation  haye  bee 
brought  admits. 

431.  Apparent  and  real  dimensions  of  tlie  *1bc«.-^1!I 
breadth  of  the  rings  as  well  as  of  the  intervals  'wbiclL  eopairt 
them  from  each  other  and  from  the  planet,  have  been  snlnnitfced  t 
very  precise  micrometric  observations;  and  the  results  obtsini 
bj  different  observers  do  not  differ  from  each  other  by  a 
part  of  the  whole  quantit j  measured.  In  the  following  table 
given  the  results  of  the  micrometric  observations  of 
Str  uve,  reduced  to  the  mean  distance. 


1" 


Section  of  Planet  Mcunred. 


Semi-diameter  of  the  planet 
Exterior  tetni-diameter  of  exterior-ring 
Interior         do.  do. 

Breadth  of  exterior  ring  .  -  - 

Exterior  lemi-diameter  of  interior  rimg 
Interior        do.  do.  - 

Breadth  of  interior  ring  ... 
Width  of  interval  between  the  ringi  - 
Width  of  interval  between  planet  and 

interior  ring     -  -  -  - 

Breadth  of  the  double  ring,  including 

interval-  -  .  -  - 
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8-99J 
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17644 
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1*000 
X'ZXQ 
1*961 
0x68 
1*916 

i'48x 
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o'48x 
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The  relative  dimensions  of  the  two  rings,  and  of  the  plane 
within  them,  are  represented  in^.  72,  projected  upon  the  commox 
plane  of  the  rings  and  the  planet's  equator.  Each  division  of  th< 
subjoined  scale  represents  5,000  miles. 

The  visual  angle  subtended  at  the  earth  bj  the  extreme  diametei 
of  the  external  ring,  when  the  planet  is  in  opposition^  is  48'r 
which  ie  about  one  thirty-seventh  part  of  the  moon's  appareni 
diameter. 

432.  Tblokness  of  tbe  linrs- —  The  thickness  of  the  rings  ic 
so  extremely  minute,  that  the  nicest  micrometric  observations 
have  hitherto  failed  to  supply  the  data  necessary  to  determine  it 
with  any  degree  of  precision  or  certainty.  It  is  so  inconsiderable^ 
that  when  the  plane  of  the  ring  is  directed  to  the  earth,  and,  con- 
sequently, the  edge  alone  is  presented  to  the  eye,  it  is  invisible 
even  with  telescopes  of  great  power,  or,  if  seen,  it  is  so  imperfectly 
defined  as  to  elude  all  micrometric  observation.  When  it  was  in 
this  position  in  1 833;  Sir  J.  Herschel  observed  it  with  a  telescopei 
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wlucli  would  certainlj  have  rendered  distmedy  Tudble  a  line  of 
light  ODe  twentieth  of  n  second  in  breadth.  Since  ilie  linesrvalue 
of  l"  at  Saturn's  mean  distance  is  ahout  4400  miles,  it  would 


Fig.  71. 

follow  Hiat  the  thickness  is  less  thaji220.  Sir  J.  Herschel  admits, 
however,  that  it  maj  possihl^  be  so  great  as  250  miles. 

The  thickness,  is,  therefore,  certainlj  less  than  Hie  1 00th  part 
of  the  estreme  breadth  of  the  two  rings,  and  according  to  the  scale 
on  which  the^.  71  is  drawn,  it  would  be  represented  by  the 
tbicknesa  of  a  leaf  of  the  volume  now  before  the  reader. 

433.  OnnOltlona  nnder  whloh  tiM  rlnr  Meomea  invlalble 
from  the  eartii. — The  rings  of  Saturn  viewed  from  the  earth 
may  become  invisible,  either  because  the  parte  presented  to  the  eye 
are  not  illuminated  by  the  sun,  or,  being  illuminated,  have  dimen- 
sions .too  small  to  subtend  a  sensible  visual  angle. 

In  every  podtion  asamned  1^'  the  planet  in  its  orbital  motion, 
one  side  or  the  otJter  of  the  rings  is  illuminated  with  more  or  less 
intenaQf,  except  at  the  Satuinian  equinoxes,  when,  the  ^Vaaa  ol  ■Cii.a 
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ring  passing  through  the  sun,  its  edge  alone  is  illuminated.  -Owing 
to  the  extreme  thinness  of  the  plate  of  matter  composing  the  rings, 
they  cease  in  this  case  to  be  visible,  except  by  feeble  and  uncertain 
indications  obser\'ed  with  high  magnifying  powers.  It  has  been 
inferred  by  Sir  John  Herschel,  from  observations  made  with  tele- 
scopes of  great  power,  that  the  major  limit  of  their  possible  thick* 
ness  is  250  miles.  The  visual  angle  which  this  thickness  woold 
subtend  at  the  distance  of  Saturn  in  opposition,  is  c/'*o64.  The 
visual  angle  would,  therefore,  be  less  than  the  fifteenth  pact  of  a 
second. 

The  rings,  therefore,  disappear  from  this  cause  at  Satoi&'s 
equinoxes,  which  occur  at  inter\'als  of  14}  years. 

When  the  dark  side  of  the  rings  is  exposed  to  the  earth,  it  ia 
evident  that  the  sun  and  earth  must  be  on  opposite  sides  of  the 
plane  of  the  rings,  and  therefore  that  plane  must  have  such  i^ 
position  that  its  direction  would  pass  between  the  sun  and  tlie 
earth.  This  can  only  happen  within  a  certain  limited  distance  ef 
the  planet's  equinoxes. 

The  last  disappearance  of  the  rings  of  Saturn  was  witnessed  at  Ae 
Satumian  equinox  in  1 848.  The  northern  surface  of  the  ring  had 
then  been  visible  for  nearly  fifteen  years.  The  motions  of  the 
planet  and  the  earth  brought  the  plane  of  the  ring  to  that  poflitiin 
on  the  22nd  of  April  in  which,  its  edge  being  presented  to  the 
earth,  it  became  invisible,  the  sun  being  still  north  of  the  planfr 
On  the  3rd  of  September  the  sun,  passing  through  the  plane  of  the 
ring,  illuminated  its  southern  surface,  and,  the  earth  being  on  tiie 
ifSLiiio  side,  the  ring  was  visible.  On  the  12th,  the  earth  again 
passing  through  the  plane  of  the  ring,  its  northern  surface  was 
exposed  to  the  observer,  which  was  in^dsible,  the  sun  being  on  the 
southern  side.  The  ring  continued  thus  to  be  invisible  until  the 
1 8tli  of  January,  1 849,  when,  the  earth  once  more  passing  through 
the  plane  of  the  ring,  the  southern  surface  illuminated  by  the 
sun  came  into  view.  This  side  of  the  ring  will  continue  to  be 
exposed  to  both  the  earth  and  the  sun  imtil  186 1-2,  the  epoch  of 
the  next  equinox,  when  a  like  succession  of  appearances  and 
disappearances  will  take  place, — the  sun  and  earth  eventually 
passing  to  the  northern  side  on  which  they  will  continue  for  a  like 
inteiTal. 

434.  Scbmldt's  observations  and  drawings  of  flatom  wltli 
tbe  ring:  seen  edgreways. — At  the  last  Satumian  equinox,  which 
took  place  in  1848,  a  series  of  observations  was  made  at  Bonn, 
the  results  of  which  have  demonstrated  the  existence  of  great 
inequalities  of  surface  on  the  rings,  having  the  character  of  moun- 
tains of  considerable  elevation.  The  observations  were  made  and 
7)ublished,  accompanied  by  seventeen  drawings  of  the  appearance 
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linix  pas^«ln<r  throuprli  the  Biin,  its  cdgre  alone  is  iUnnuiiated.  .Ois 
ti>  the  extreme  thinuei*8  of  the  plate  of  matter  componng  the  xii 
thpy  cea.'*e  in  this  cu-se  to  be  visible,  except  by  feeble  and  UDoerl 
indiciitions  ob:«erv('(l  with  high  mac^ifWng  powers.  It  hat  b 
inferred  by  Sir  John  Ilerschel,  from  observatioiiB  made  ilHk  ^ 
Mtopes  of  great  power,  that  the  major  limit  of  their 
neRS  is  250  miles.  The  visual  angle  which  this 
subtend  at  tho  distance  of  Saturn  in  oppoaition,  is  K/*^ 
visual  angle  would,  therefore,  be  less  than  the  fifteenlli 
second.  /   • 

The  rings,  tht^refore,  disappear  from  this  cause  at  Sliii 
equinoxes,  which  occur  at  intervals  of  14!  years.  1 

When  thf  dark  side  of  the  rings  is  exposed  to  the 
('vid<'nt  that  the  sun  and  curth  must  be  on  opposite  sides 
])hine  of  th«!  rings,  and  therefore  that  plane  must  have 
position  that  its  direction  would  pass  between  the  sun 
earth.     This  can  only  ha])pen  within  a  certain  limited 
the  planet's  i^quinoxes. 

The  last  disHp])earanee  of  the  rings  of  Saturn  was  witneasedlrilj 
Satumian  equinox  in  1848.  The  northern  suiface  of  the  vatn 
then  been  visible  for  nearly  fifteen  years.  The  motiona  sf^ 
planet  and  the  earth  brought  the  plane  of  the  ring  to  that  poril 
on  the  22nd  of  April  in  which,  its  edge  being  presented  i^ 
earth,  it  became  invisible,  the  sun  being  still  north  of  Hie  |)| 
On  the  3rd  of  September  the  sun,  passing  through  the  plane  «f  1 
ring,  illuminated  its  southeni  suriace,  and,  the  earth  hein^isl 
sunu*  side,  the  ring  was  visible.  On  the  1 2th,  the  earth  agl 
]>ussing  through  the  plane  of  the  ring,  its  northern  8Uz&oe*1i 
exj)osed  to  the  obfl(?n'er,  which  was  in^dsible,  the  son  beings  on  1 
fioutheni  side.  The  ring  continueil  thus  to  be  invisible  until  t 
1 8th  of  Junuar}',  1 849,  when,  the  earth  once  more  passing  thionj 
the  i)lane  of  the  ring,  the  southern  surface  illuminated  by  t 
sun  came  into  view.  This  side  of  the  ring  "^ill  continue  to 
exposed  to  both  the  earth  and  the  sun  until  1 86 1 -2,  the  epoch 
the  next  equinox,  when  a  like  succession  of  appearances  m 
disnppearanct.'s  will  take  plac»», — the  sun  and  earth  eyentns] 
passing  to  the  northern  side  on  which  they  will  continue  for  a  li 
interval. 

434.  Scbmldt's  observations  and  drawings  of  Batom  wfl 
the  ring:  seen  edgreways. — At  the  last  Satumian  equinox,  whi< 
took  place  in  1848,  a  series  of  observations  was  made  at  Bon 
the  results  of  which  have  demonstrated  the  existence  of  gre 
inequalities  of  surface  on  the  rings,  having  the  character  of  moui 
tains  of  consid(?rable  elevation.  The  observations  were  made  az 
published,  accompanied  by  seventeen  drawings  of  the  appeanuu 
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of  the  planet;  its  belts,  and  ring,  by  M.  Julius  Schmidt^  of  the  Bonn 
Observatoiy.  * 

We  have  selected  from  these  drawings  four,  which  are  given  in 
Plate  XX. 

On  the  26th  of  June,  the  planet  presented  an  appearance,^,  i, 
closely  resembling  that  of  Jupiter,  except  that  a  dark  streak  was 
seen  along  its  equator,  p^duced  by  the  shadow  of  the  ring,  the 
earth  being  then  a  little  above  the  common  plane  of  the  ring  and 
the  Sim.  A  few  feeble  streaks,  of  a  greyish  colour,  were  visible  on 
each  hemisphere,  which  however  disappeared  towards  the  poles. 
A  very  feeble  star  was  seen  at  the  western  extremity  of  the  ring, 
which  was  supposed  to  be  one  of  the  nearer  satellites.  The  ring 
exhibited  the  appearance  of  a  broken  line  of  light  projecting  firom 
each  side  of  the  planet's  disk. 

After  this  day  the  shadow  across  the  planet  disappeared,  but 
was  again  faintly  seen  on  the  25  th  of  July. 

The  ring  continued  to  be  invisible  until  the  3rd  of  September, 
when  a  very  slight  indication  of  it  was  seen,  but  on  the  next  night 
it  became  distinctly  visible  with  an  interruption  in  two  places,  as 
represented  in^.  2.  The  bright  equatorial  belt  was  divided  into 
two  unequal  parts  by  the  ring,  the  northern  portion  being  the  nar- 
rower. Three  small  satellites  were  seen  on  the  prolongation  of  the 
direction  of  the  ring. 

On  the  5th,  the  ring  was  symmetrically  broken  on  both  sides, 

fig-  3- 

On  the  7th,  the  western  side  was  divided  into  three  parts. 

On  the  nth,  the  ring  and  planet  presented  the  appearance 
represented  in^.  4. 

The  broken  and  changing  appearances  of  the  ring  on  this  occa- 
sion can  only  be  explained  by  the  admission  of  great  inequalities 
of  surface  rendering  some  parts  of  the  ring  so  thick  as  to  be  visible^ 
and  others  so  thin  as  to  be  invisible,  when  presented  edgeways  to 
the  observer. 

435.  Observattons  of  Berscbel.  —  These  observations  of 
Schmidt  are  corroborative  of  those  made  at  a  much  earlier  epoch 
by  Sir  W.  Herschel,  who  discovered  the  existence  of  appearances 
on  the  surface  of  the  rings  indicating  mountainous  inequedities. 

436.  Supposed  miatlplloitjr  of  linrs* — Some  observations 
made  at  Rome  and  elsewhere  gave  grounds  for  the  conjecture,  that 
the  outer  ring  instead  of  being  double,  is  quintuple,  and  that 
instead  of  having  a  single  division,  there  are  four.  It  was  even 
affirmed  with  some  confidence,  that  the  ring  was  septuple,  and 
consisted  of.  seven  concentric  rings  suspended  in  the  same  plane. 

*  AdronomUche  Nachrichten^  Vol.  xxviii.  No.  650. 
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Th»'.*f  ffnijfctiir**.s  were  founded  upon  the  supposed  permanence  c 
th**  hlaik  ciR-uljir  and  concentric  i?treaks  which  are  observed  upo 
tilt;  surface  of  the  rinjiH,  and  which  are  quite  analogous  to  the  belt 
of  thf  ]»hini't.  Tliis  ussunn.'d  pt*nnan»*noe  has  not,  lio'wever,  beei 
ri'-oliscrvt'il,  nIthou<rh  tlit;  plant't  has  been  examined  by  numeiou 
jib.-ii'n'i-rs.  with  tt'lfSfop«'H  of  vt'iy  Pup»»rior  power  to  those  wit] 
whirli  th».'  observatit'us  w«Te  made  which  formed  the  grormd  of  th( 
conj»'ctur«*. 

Th»*  i)assrtj.ni  of  Saturn  dianiftrically  across  any  fixed  star  o 
sutticifut  iiiu^Tiitud«.%  at  the  epoch  of  the  Satumian  solstice,  whei 
th(*  ])hiii«'  of  tho  nn<r  in  inclined  at  the  greatest  angle  to  the  visua 
lin<',  would  supply  the  most  clipble  means  of  testing  the  multipb 
struct  uiv-  of  the  rin^^ :  for  in  that  case  the  light  of  the  star  wouk 
b»?  s^Mfii  with  tlift  t»'lfs!Cope  to  flash  throujrh  each  successive  opening 
b»?tw<M'n  ring  and  rin*;,  pn)vided  that  the  width  of  such  openm^ 
wiT*'  .suflicieut  to  allow  the  visual  ray  to  clear  the  thickness  of  th< 
rinjr.a. 

437.  XiniT  probably  triple — observatloiui  of  iwumii 
^assell  and  Bawes. — Nevt'rtheless,  there  are  well  ascertainec 
appoanmct'S  on  tlio  surface  of  the  outer  ring,  which  have  beei 
thou;fht  to  indicate  a  second  division,  and  that  the  ring*  is  triple 
.So  I'urly  ari  1838,  I'rofessor  Kncke  noticed  an  appearance  whiel 
indicated  a  division,  and  even  made  drawings  in  which  such  s 
division  is  indicated.  (See  Transactions  of  the  Berlin  Acade}ny  at 
Scit'ticcx^  1 83 8. J  On  the  7th  of  September,  1843,  Messrs.  Lassell 
and  I)awes,  unaware  apparently  of  Encke's  obser\'ations,  saTv^  with 
a  nin(*-f«*(,'t  Newtonian  reflector  constructed  by  ^Ir.  LasseU,  what 
tliey  <;on.yidered  to  be  a  division  of  the  outer  ring.  The  observa- 
tion -NNus  made  under  a  magnifying  power  of  450,  which  grave  a 
Hhar})ly  detined  disk  to  the  planet,  and  exhibited  the  principal 
division  of  tho  rings  as  a  continuous,  distinctly  seen,  black  streak, 
oxtouding  all  round  the  surface  of  the  ring.  A  dark  line  on  the 
outf'r  ring,  near  the  extremities  of  the  ellipse,  was  not  only  distinctly 
st'en,  but  an  estimate  of  its  breadth,  compared  with  that  of  the 
princii)al  division,  was  made  by  both  these  observers,  from  which  it 
appciared  that  this  breadth  was  about  one  third  of  the  space  which 
separates  the  two  principal  rings.  Its  place  upon  the  outer  ring 
was  a  little  less  than  half  the  entire  width  of  the  ring  from  the  outer 
edge,  and  it  was  equally  visible  at  both  ends  of  the  ellipse.  No 
appearances  could  be  discovered  of  any  other  divisions,  although 
the  shading  of  the  belts  on  the  inner  ring  was  distinguished. 

438.  aesearebes  of  Bessel  oorroborate  tbese  ooBjeetnres. 
—  Bessel  compared  all  the  observations  made  on  the  rings  from 
1700  to  1833,  with  the  view  of  deteimining  with  more  precision 
the  nodes  of  the  ring,  and  found  that  the  ring  has  frequently  been 
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seen  when  it  ought  to  have  been  inyisible,  if  the  several  concentric 
rings  of  which  it  consists  were  all  in  the  same  plane  and  had  a 
uniform  surface.  He  found  that  the  appearances  and  disappear- 
ances had  no  certain  or  regular  epochs,  and  did  not  correspond 
with  each  other  ev^n  to  the*  same  observer,  using  the  same  instru- 
ment. Thus  Schwabe,  at  Dessau,  saw  the  line  of  light  formed  by 
the  rings  near  their  equinox  resolve  itself  into  a  series  of  points. 
Schmidt,  as  has  been  stated,  saw  it  become  a  broken  line,  changing 
its  form  from  night  to  night.  Other  observers  saw  the  ring 
disappear  on  one  side  of  the  disk,  while  it  was  apparent  on  the 
other.  From  all  these  phenomena,  it  is  inferred  that  probably  the 
rings  are  in  planes  slightly  different;  that  their  edge  is  not  re- 
gularly circular,  but  notched  and  dinged ;  and  that  their  surfaces  are 
characterised  by  considerable  mountainous  undulations. 

439.  Biseorery  of  am  inner  lingr  imperfeetly  refleotiTe  and 
partially  transparent. — But  the  most  surprising  result  of  recent 
telescopic  observations  of  this  planet  baa  been  the  discovery  of  a 
ring,  composed,  as  it  would  appear,  of  matter  reflecting  light  much 
more  imperfectly  than  the  planet  or  the  rings  already  described ; 
and  what  is  still  more  extraordinary,  transparent  to  such  a  degree, 
that  the  body  of  the  planet  can  be  seen  through  it 

In  1838,  Dr.  Galle,  at  that  time  assistant  at  the  Berlin  observa- 
tory,  noticed  a  phenomenon,  w)iich  he  described  as  a  gradual 
shading  off  of  the  inner  ring  towards  the  sur&ce  of  the  planet,  as 
if  the  solid  matter  of  the  ri^g  were  continued  beyond  the  limit  of 
its  illuminated  surfSace,  this  continuation  of  the  surface  being 
rendered  visible  by  a  very  feeble  illumination  such  as  would  attend 
a  penumbra  upon  it;  and  measures  of  this  obscure  surface  were 
published  by  him  in  the  Transactions  of  the  Berlin  Academy  of 
Sciences  of  that  year. 

The  subject,  however,  attracted  very  Hfctle  attention  until  to- 
wards the  close  of  1 850,  when  Professor  Bond  of  Cambridge,  Mas- 
sachusetts, U.S.  and  Mr.  Dawes  in  England,  not  only  recognised  the 
phenomenon  noticed  by  Dr.  QsXle,  but  ascertained  its  character 
and  features  with  great  precision.  The  observations  of  Professor  * 
Bond  which  were  made  on  the  1 5th  of  November,  were  not  known 
in  England  until  the  4th  of  December ;  but  the  phenomenon  was 
veiy  fully  and  satisfactorily  seen  and  described  by  Mr.  Daw^ee,  on 
the  29th  of  November.  That  astronomer,  on  the  3rd  of  December, 
called  the  attention  of  Mr.  Lassell  to  it,  who  also  witnessed  if  on 
that  evening  at  the  observatory  of  Mr.  Dawes;  and  both  imme- 
diately published  their  observations  and  descriptions  of  it,  which 
appeared  in  Europe  simultaneously  with  those  of  Professor  Bond. 

It  was  not;  however,  until  1852  that  the  transparency  was  fully 
ascertained;     From,  some  observations  made  in  Sei^tATo&^T^^^&x, 
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I  )nw('9  strongly  Piispcctt'd  its  oxiptence,  and  about  the  same  time 
it  was  clvurly  si^cn  at  Madras  by  Captain  Jacob,  and  in  October  h} 
Mr.  ljaB»(!\[  at  Malta,  whither  he  had  removed  his  20-feet  xefleefeoi 
to  obtain  the  advantaffes  of  a  lower  latitude  and  more  Berene  ikj. 
The  result  of  these  observations  has  been  the  condonTe  proof  d 
the  unique  phenomenon  of  a  semi-transparent  anmilar  appendv^ 
to  this  planet. 

440.  ]>rawin§r  of  the  planet  and  linge  ma  aaea  by  Hkw 
Bawee. —  The  planet  surrounded  by  this  compound  syefeBM  of 
rings  is  representcKl  in  Plato  XXI.  The  drawing  is  reduced  turn. 
the  original  sketch,  made  by  Mr.  Dawes,  of  the  planet  as  sea 
with  his  refractor  of  6 J  inch  aperture,  at  Wateringbuiy,  in  Noiea- 
ber  18) 2.  Another  representation  of  the  planet  as  seen  bj  lb 
Liu^sell  at  Malta,  in  December  1852,  has  been  lithographedi  ni 
is  almost  identical  with  that  of  Mr.  Dawes.  In  both  drawings  te 
form  and  appearance  of  the  obscure  ring  and  its  partial  traneparcni^ 
are  rendered  quite  manifest.  The  principal  division  of  the  hzi§^ 
rings  is  visible  throughout  its  entire  circumference.  The  UmI 
line,  supposed  to  be  a  division  of  the  outer  ring,  is  visible  in  fte 
drawing  of  Mr.  Dawes ;  but  was  not  at  all  seen  by  Mr.  TiniwoH. 

A  remarkably  bright  thin  line,  at  the  inner  edge  of  the  ii 
bright  ring,  which  appears  in  the  Plate  XXI.,  was  distinctly 
by  Mr.  Dawes  in  1851  and  1852. 

The  inner  bright  ring  is  always  a  little  brighter  than  the  planet 
It  is  not,  however,  uniformly  bright.  Its  illumination  is  moBt 
intense  at  the  outer  edge,  and  grows  gradually  fainter  towards  tlifl 
inner  edge,  where  it  is  so  feeble  as  to  render  it  somewhat  difficult 
to  ascertain  its  exact  limit.  It  would  seem  as  if  the  imperfectly 
reflective  quality  at  the  inner  edge  approaches  to  that  of  the  obscnra 
ring  recently  discovered.  The  open  space  between  the  ring*  and 
the  planet  has  the  same  colour  as  the  surroimding  sky. 

441.  Bessers  oaleulation  of  the  mass  of  tbe  linca. — Bessel 
has  attempted  to  determine  the  mass  of  the  system  of  rings  by  the 
perturbation  they  produce  upon  the  orbit  of  the  sixth  satellite. 
He  estimates  it  at  i-i  i8th  part  of  the  mass  of  the  planet.  The 
thickness  of  the  rings  being  too  minute  for  measurement^  no  esti- 
mate  of  the  density  of  the  matter  composing  them  can  be  hence 
obtained ;  but  if  the  density  be  assumed  to  be  equal  to  that  of  the 
planet  (which  will  be  explained  hereafter),  it  would  follow  that 
the  thickness  of  the  rings  would  be  about  138  miles,  which  is  not 
far  from  the  estimate  of  their  thickness  made  by  observers.  If  this 
thickness  be  admitted,  the  edge  of  the  rings  would  subtend  an 
angle  of  the  1-3  2nd  part  of  a  second  at  Saturn's  mean  distance. 
Hence  it  will  be  understood  that  the  ring  must  disappear,  even  in 
powerful  telescopes,  when  presented  edgeways. 
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442.  fltabllitjr  of  tlie  rings. — One  of  the  circumstances  at- 
tending this  planet^  which  has  excited  most  general  astonishment^ 
is  the  fact  that  the  globe  of  the  planet^  and  two^  not  to  say  more, 
stupendous  rings,  carried  round  die  sun  with  a  velocity  of  22,000 
miles  an  hour,  subject  to  a  periodical  yaiiation  not  inconsiderable, 
diie  to  the  vaiying  distance  of  the  planet  from  the  sun,  should 
nevertheless  maintain  their  relative  position  for  countless  ages  un- 
disturbed, the  globe  of  the  planet  remaining  still  poised  in  the 
middle  of  the  rings,  and  the  rings,  two  or  several,  as  the  case  may 
be,  remaining  one  within  the  other  without  material  connection  or 
apparent  contact,  no  one  of  the  parts  of  this  most  marvellous 
combination  having  ever  gained  or  lost  ground  upon  the  other, 
and  no  apparent  approach  to  collision  having  taken  place,  not- 
withstanding innumerable  disturbing  actions  of  bodies  external  to 
them. 

443.  Oanse  aMigrned  for  tliU  otabllity. — The  happy  thought 
of  bringing  the  rings  under  the  conunon  law  of  gravitation,  which 
gives  stability  to  satellites,  has  supplied  a  striking  and  beautiful 
solution  for  tliis  question.  The  manner  in  which  tiie  attraction  of 
gravitation,  combined  with  centrifugal  force,  causes  the  moon  to 
keep  revolving  round  the  earth  without  falling  down  upon  it  by 
its  gravity  on  the  one  hand,  or  receding  indefinitely  ^m  it  by 
the  centrifugal  force  on  the  other,  is  well  understood.  In  virtue 
of  the  equality  of  these  forces,  the  moon  keeps  continually  at  the 
same  mean  distance  from  the  earth  while  it  accompanies  the 
earth  round  the  sun.  Now  it  would  be  easy  to  suppose  another 
moon  revolving  by  the  same  law  of  attraction  at  the  same  distance 
frftn  the  earth.  It  would  revolve  in  the  same  time,  and  with  the 
same  velocity,  as  the  first.  We  may  extend  the  supposition  with 
equal  facility  to  three,  four,  or  a  hundred  moons,  at  the  same  dis- 
tance. Nay,  we  may  suppose  as  many  moons  placed  at  the  same 
distance  round  the  earth  as  would  complete  the  circle,  so  as  to 
form  a  ring  of  moons  touching  each  other.  They  would  still 
move  in  the  same  manner  and  with  the  same  velocity  as  the  single 
moon. 

If  such  a  ring  of  moons  were  beaten  out  into  the  thin  broad 
flat  rings  which  actually  surround  Saturn,  the  circumstances 
would  be  somewhat  changed,  inasmuch  as  the  periods  of  each 
concentric  zone  would  vaiy  in  a  certain  ratio,  depending  on  its 
distance  from  the  centre  of  Saturn,  so  that  each  such  zone  would 
have  to  revolve  more  rapidly  than  those  within  it,  and  less 
rapidly  than  those  outside  it.  But  if  the  entire  mass  were  cohe- 
rent, as  the  component  parts  of  a  solid  body  are,  the  complete 
ring  might  revolve  in  a  periodic  time  less  than  that  due  to  its 
exterior,  and  longer  than  that  due  to  its  interior  parta.    Lx  i^s^^ 
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thp  p*»rifKl  of  its  revolution  would  be  the  period  due  to  a  certai 
z«)iit'  lyiii<r  n(*ur  tlit*  iniddlo  uf  its  breadth,  exactly  as  the  time  ( 
oHcillution  of  a  compound  ]x>ndulum  is  that  which  is  proper  1 
the  centra  of  oH<-iIlation  (M.  506).  Indeed,  the  case  of  the  oscil 
lution  of  a  pendulum,  nnd  the  conditions  which  determine  th 
centre  of  oncillution,  allbrd  a  very  striking  illustration  of  the  physica 
phenomena  here  contemplated. 

444.  dotation  of  tbe  ring;  —  Now  the  observations  of  Si 
William  Ilersehel  on  certain  appearances  upon  the  suz&ce  0 
the  rings,  led  to  the  discovery  that  they  actually  have  a  revolu- 
tion round  their  common  centre  and  in  their  own  plane^  and  tha 
the  time  of  such  revoluticm  is  very  nearly  equal  to  the  periodii 
time  of  a  satellite  wlmse  distance  from  the  centre  of  the  plane 
would  be  equal  to  that  of  tlu!  middle  point  of  the  breadth  of  th( 
rings. 

But  if  the  principles  above  explained  be  admitted,  it  woulc 
ibllow  that  each  of  the  concentric  zones  into  which  the  ring  ii 
divided  woidd  have  a  different  time  of  revolution,  just  as  satel- 
lites at  different  distances  have  different  periodic  times ;  and  i 
is  extremely  probable  that  such  may  be  the  case,  because  n< 
observations  hitherto  made  afford  results  sufficiently  exact  anc 
conclusive  as  to  either  establish  or  overturn  such  an  hypothesis. 

It  appears,  therefore,  that  the  stability  of  the  rings  is  explicable 
upon  the  same  principle  as  the  stability  of  a  satellite. 

445.  Bxcentricity  of  tbe  ringrs.  —  The  fact  that  the  system 
of  rings  is  not  concentrical  with  the  planet  resulted  from  some 
obsen-ations  made  by  Mt?ssrs.  Harding  and  Schwabe ;  aftex 
which  the  subject  was  taken  up  by  l*rofessor  Struve,  who^  ,bv 
d<'li(!ate  micronietric  observations  and  measurements  executed 
with  the  great  Dorpat  instrument,  fidly  established  the  fact,  that 
the  centre  of  the  rings  moves  in  a  small  orbit  round  the  centre  of 
the  planet,  being  earned  round  by  the  rotation  of  the  rings. 

446.  Argnunents  for  tbe  stability  founded  on  tbe  ezoen- 
trioitjr. —  Sir  John  llei'schel  has  indicated,  in  this  deviation  of  the 
centre  of  the  rings  from  the  centre  of  the  planet,  another  soiure 
of  the  stability  of  the  Satumian  system.  K  the  rings  were 
"  mathematically  perfect  in  their  circular  form,  and  exactly  con- 
centric with  the  planet,  it  is  demonstrable  that  they  would  form 
(in  spite  of  their  centrifugal  force)  a  system  in  a  state  of  wisttibl^ 
equUihnum,  which  the  slightest  external  power  would  subvert  — 
not  by  causing  a  rupture  in  the  substance  of  the  rings,  but  by 
precipitating  them,  unbroken,  on  the  surface  of  the  planet.  For 
the  attraction  of  such  a  ring  or  rings  on  a  point  or  sphere  excen- 
trically  situate  within  them  is  not  the  same  in  all  directions,  but 
tends  to  draw  the  point  or  sphere  toward  the  nearest  part  of  the 
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ring,  or  away  from  the  centre.  Hence,  supposing  the  body  to  be- 
come, from  any  cause,  ever  so  little  excentric  to  the  ring,  the 
tendency  of  their  mutual  gravity  is,  not  to  correct  but  to  increase 
this  excentricity,  and  to  bring  the  nearest  parts  of  them  together. 
Now,  external  powers,  capable  of  producing  such  excentricity, 
exist  in  the  attractions  of  the  satellites :  and  in  order  that  the 
system  may  be  stahUj  and  possess  within  itself  a  power  of  resisting 
the  first  inroads  of  such  a  tendency,  while  yet  nascent  and  feeble, 
and  opposing  them  by  an  opposite  or  maintaining  power,  it  has 
been  shown  that  it  is  sufficient  to  admit  the  rings  to  be  loaded  in 
some  part  of  their  circumference,  either  by  some  minute  inequality 
of  thickness,  or  by  some  portions  being  denser  than  others.  Such 
a  load  would  give  to  the  whole  ring  to  which  it  was  attached 
somewhat  of  the  character  of  a  heavy  and  sluggish  satellite, 
maintaining  itself  in  an  orbit  with  a  certain  energy  sufficient  to 
overcome  minute  causes  of  disturbance,  and  establish  an  average 
bearing  on  its  centre.  But  even  without  supposing  the  existen(ie 
of  any  such  load  —  of  which,  after  all,  we  have  no  proof —  and 
granting,  therefore,  in  its  fuU  extent,  the  general  instability  of  the 
equilibrium,  we  think  we  perceive,  in  the  periodicity  of  all  the 
causes  of  disturbance,  a  sufficient  guarantee  of  its  preservation. 
However  homely  be  the  illustration,  we  can  conceive  nothing  more 
apt  in  every  way  to  give  a  general  conception  of  this  maintenance 
of  equilibrium,  under  a  constant  tendency  to  subversion,  than  the 
mode  in  which  a  practised  hand  will  sustain  a  long  pole  in  a  per- 
pendicular position  resting  on  the  finger,  by  a  continual  and  almost 
imperceptible  variation  of  the  point  of  support.  Be  that,  however, 
as  it  may,  the  observed  oscillation  of  the  centres  of  the  rings 
about  that  of  the  planet  is  in  itself  the  Evidence  of  a  perpetual 
contest  between  conservative  and  destructive  powers  —  both  ex- 
tremely feeble,  but  so  antagonising  one  another  as  to  prevent  the 
latter  from  ever  acquiring  an  uncontrollable  ascendency,  and  rush- 
ing to  a  catastrophe." 

Sir.  J.  Herschel  further  obsei-ves,  that  since  "the  least  dif- 
ference of  velocity  between  the  planet  and  the  rings  must  infallibly 
precipitate  the  one  upon  the  other,  never  more  to  separate  (for, 
once  in  contact,  they  would  attain  a  position  of  stable  equilibrium, 
and  be  held  together  ever  after  by  an  immense  force),  it  follows 
either  that  their  motions  in  their  common  orbit  round  the  sun 
must  have  been  adjusted  to  each  other  by  an  external  power  with 
the  minutest  precision,  or  that  the  rings  must  have  been  formed 
about  the  planet  while  subject  to  their  common  orbital  motion, 
and  under  the  full  and  free  influence  of  all  the  acting  forces." 

The  rings  must  obviously  form  a  most  remarkable  object  in  the 
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firmament  to  observers  stationed  on  Saturn^  and  moat  play  an  im 
portant  part  in  their  uranography.  The  problem  to  datermini 
their  apparent  magnitude^  form^  and  position^  in  relatiozL  to  thi 
fixed  stars,  the  sun,  and  Satumian  moons,  has,  therefore,  beei 
regarded  as  a  question  of  interesting  speculation,  if  not  of  greai 
scientific  importance.  The  subject  has,  accordingly,  more  or  lesf 
engaged  the  attention  of  astronomers.  The  condusion,  however,  a1 
which  they  have  arrived,  and  the  views  which  have  been  generally 
expressed  and  adopted  respecting  it,  are  open  to  considerable  doubt, 
if  not  altogether  erroneous.  It  is  not  the  object  of  this  work  to 
enter  controversially  on  any  disputed  part  of  astronomical  science, 
we  must  therefore  leave  the  subject  in  the  hands  of  those  who  are 
interested  in  a  subject,  which  to  say  the  least,  may  be  consideied 
speculative.* 

447.  Satellitea. —  Saturn  is  attended  by  eight  satellites,  seven 
of  which  move  in  orbits  whose  planes  coincide  very  nearly  with 
that  of  the  equator  of  the  planet,  and  therefore  with  the  plane  of 
the  rings.  The  orbit  of  the  remaining  satellite,  which  is  the  most 
distant,  is  inclined  to  the  equator  of  the  planet  at  an  angle  of  about 
12^  14',  and  to  the  plane  of  the  planet's  orbit  at  nearly  the  same 
angle. 

448.  Their  nomenolatnre. —  In  the  designations  of  the  satel- 
lites, much  confusion  has  arisen  from,  the  disagreement  of  astro- 
nomers as  to  the  principle  upon  which  the  numerical  order  of  the 
satellites  should  be  determined.  Some  name  them  first,  second, 
third,  &c.,  in  the  order  of  their  discovery ;  while  others  designate 
them  in  the  order  of  their  distances  from  Saturn.  It  has  been 
proposed  to  remove  all  confusion,  by  giving  them  names,  taken, 
like  those  of  the  planets,  from  the  heathen  divinities.  The  follow- 
ing metrical  arrangement  of  these  names,  in  the  order  of  their 
distances,  proceeding  from  the  most  distant  inwards,  has  been 
proposed,  as  affording  an  artificial  aid  to  the  memory  :— 

lapetus,  Titan ;  Rhea,  DionCi  Tethys  f  > 
Encelados,  Mimas . 

449.  Order  of  tbelr  discovery. —  Since  this  was  suggested, 
the  eighth  satellite  situate  between  lapetus  and  Titan  has  been 
discovered,  and  called  Hyperion. 

*  These  prevailing  errors  respecting  the  nranography  of  Saturn,  form  the 
materials  of  a  long  and  interesting  paper  by  Dr.  Lardner,  published  in  the 
Memoirs  of  the  Royal  Astronomical  Society,  Vol.  XXII.  Those  who  feel 
interested  in  the  consideration  of  this  subject  may  consult  this  memoir  with 
advantage.  —  £.  D. 

t  Pronounced  TSthys. 
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The  order  of  their  discovery  was  as  follows : — 
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Name. 

When  discovered. 

Titan. 

lapetus. 

Rhea. 

Dione. 

Tethys. 

Enceladus. 

Mimas. 

Hyperion. 

Haygens. 
D.  Cassini. 

Do. 

Do. 

Do. 
Sir  W.  HerscheU 

Do. 
Messrs.  Lassell  and  Bond. 

March,  165*. 
Oaober,  1671. 
December,  1672. 
March,  16B4. 
March,  1684. 
August,  1789. 
September.  1789. 
September,  i848« 

Hyperion  was  discovered  on  the  same  night;  the  19th  of  Sep- 
tember^  1 848,  by  Mr.  Lassell  of  Liverpool^  and  Professor  W.  C. 
Bond  of  the  University  of  Cambridge  in  the  United  States. 

450.  Their  distances  and  periods. —  The  periodic  times  and 
mean  distances  of  these  bodies  from  the  centre  of  Saturn^  ascer- 
tained by  the  same  kind  of  observations  as  already  explained  in 
the  case  of  the  satellites  of  Jupiter^  are  as  follows : — 


Older. 

Name. 

Period. 

Diatanoe. 

D.    H. 

M.     S. 

Satnraiaii 
dajt. 

of  Saturn. 

I 

2 

3 

4 

1 

I 

Mimas 
Enceladus 
Tethys      - 
Dione 
Rhea 
Titan 
Hyperion - 
lapetus     - 

0  22 

1  8 

1  21 

2  17 

4    12 
15    22 

21     7 

79     7 

J7  aa'9 
51     67 
18    2«7 
41      8-9 
25    ia8 
41    25-2 
7   408 
5J    40-4 

2'l6 
3*>4 

10-34 
J6-49 

4873 
181-53 

3-3607 
4-31*1 

9-5528 
64-3590 

451.  Bloniratioiis  and  relative  distances.  —  The  greatest 
elongations  of  the  satellites  from  the  primary^  and  the  scale  of  their 
distances  in  relation  to  the  diameters  of  the  planet  and  its  rings^ 
are  represented  in^.  73^  assuming,  for  convenience,  that  tiie 
angular  value  of  the  semidiameter  of  the  planet  is  equal  to  10''. 

It  appears^  therefore^  that  the  orbit  of  the  most  remote  of  the 
satellites  subtends  a  visual  angle  of  only  1286^^  at  the  earth,  being 
about  two-thirds  of  the  apparent  diameter  of  the  sun  or  moon,  and 
within  this  small  visual  space  all  the  vast  physical  machinery  and 
phenomena  which  we  have  here  noticed  ire  in  operation;  and 
within  such  a  space  have  these  extraordinary  discoveries  been 
made.  The  apparent  diameter  of  the  external  edge  of  the  rings 
is  only  44^^,  or  the  fortieth  part  of  the  apparent  diameter  of  the 
sun  or  moon ;  yet  within  that  small  circle  have  been  observed  and 
measured  the  planet,  its  belts,  atmosphere,  and  rotation,  and  the 
two  rings^  their  magnitude^  rotation,  and  the  lineaments  of  their 
surface. 


451-  Varlotu  pbKsea  bbA  ftppeumiiBaa  off  tbe  ■aiaium 

obaerrers  on  tlie  planet. —  All  tliat  has  been  said  of  tlie  plii 
nnd  nppearancee  of  the  moons  of  Jupiter,  u  i 
a.-ntcd  to  the  inhabitauta  of  that  planet,  is  eqiu 
npplicnUe  to  tho  BBtelliteB  of  Sattmi,  with  thii  < 
fL'Ti-nci',  that  instead  of  four  there  are  eight  nu 
cont'niiallj  revolving  round  the  planet,  and  exhi 
iii^  all  the  monthly  changes  to  which  ws  an 
ciutomed  in  the  case  of  tite  solitary  eatoUito  irf 

The  periods  of  Sattim's  moons,  like  thoM 
Jupiter,  are  short,  witi.  the  exception  of  those  n 
remote  from  the  prinuuj.  ^e  nearest  psi 
through  all  its  phages  in  32}  hotm,  and  the  Ann 
counting  outwards,  in  less  than  66  honra.  The  n 
three  have  months  varying  from  4  to  2 1   terreiA 

These  seven  moons  move  in  orbit*  whose  pli 
are  nearlj  coincident  with  the  plane  of  the  rii 
The  consequence  of  this  arrangement  is,  that  ti 
are  alwuys  visible  by  the  inhabitants  of  both  hei 
spheres  when  they  are  not  eclipsed  by  the  shadon 
the  planet. 

The  two  inner  satellites  are  seen  making  tl 

rapid  course   along  the  external  edge   of  the  ri 

within  a  very  small  apparent  distance  of  it.     1 

motion  of   the   nearest  is  bo   rapid  as   to    be  p 

ceivable,  lihe  that  of  the  hour-hand  of  a  coloe 

time-piece.     It  describes  360°  in  22§  hours,  bei 

at  the  rate  of  16'  per  hour,  or  16' per  minute, 

that  in  two  miaufes  it  movei 

"the  apparent  diameter  of  the  1 

The  eighth,  or  moat  remote  satellite,  is  in  many  respects  e 

ceptional,   and  different   from  all  the  others.      Unlike   these, 

moves  in  an  orbit  ioclined  at  a  considerable  angle  to  the  plane 

the  rings. 

It  is  exceptional  also  in  its  distance  from  tbe  primaiy,  heii 
removed  to  the  distance  of  64  semidiameters  of  Saturn,  Tl 
only  case  analogous  to  this  presented  in  the  solar  system  is  that  < 
the  earth's  moon,  the  distance  of  which  is  60  semidiameters  1 
the  primaiy. 

453.  MasBltaa*B  of  tba  aatellttea. —  Owing  to  the  great  dii 
tnnce  of  Saturn,  the  dimensions  of  the  satellites  have  not  bee 
ascertained.  The  sixth  in  order,  proceeding  outwards,  is,  howeve 
known  to  be  the  largest]  and  it  appears  certain  that  its  Tolnme : 


T  a  apace  equal 
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little  less  than  that  of  the  planet  Mars.  The  three  satellites 
immediately  within  this,  Rhea,  Dione,  and  Tethys,  are  smaller 
bodies,  and  can  only  be  seen  with  telescopes  of  great  power.  The 
other  two,  Mimas  and  Enceladus,  require  instruments  of  the  very 
highest  power  and  perfection,  and  atmospheric  conditions  of  the 
most  favourable  nature,  to  be  observable  at  all.  Sir  J.  Herschel 
says,  that  at  the  time  they  were  discovered  by  his  father  "  they 
were  seen  to  thread,  like  beads,  the  almost  infinitely  thin  fibre  of 
light  to  which  the  ring,  then  seen  edgeways,  was  reduced,  and 
for  a  short  time  to  advance  off  it  at  either  end,  speedily  to  return, 
and  hastening  to  their  habitual  concealment  behind  the  body." 

454.  Apparent  maflrnitndes  as  seen  ftrom  Satom. — The 
real  magnitudes  of  the  satellites,  the  sixth  excepted,  being 
unascertained,  nothing  can  be  inferred  with  any  certainty  respecting 
their  apparent  magnitudes  as  seen  from  the  surface  of  Saturn,  except 
what  may  be  reasonably  conjectured  upon  analogies  to  other  like 
bodies  of  the  system.  The  satellites  of  Jupiter  being  all  greater 
than  the  moon,  while  one  of  them  exceeds  Mercury  in  magnitude, 
and  another  is  but  little  inferior  in  volume  to  that  planet,  it  may 
be  assmned  with  great  probability  of  truth  that  the  satellites  of 
Saturn  are  at  least  severally  greater  in  their  actual  dimensions 
than  our  moon. 

If  this  be  admitted,  their  probable  apparent  magnitudes  as  seen 
from  Saturn  may  be  inferred  from  their  distances.  The  distance 
of  the  first,  Mimas,  from  the  nearest  part  of  the  surface  of  the 
planet,  is  only  90,000  miles,  or  nearly  2  J  times  less  than  the 
distance  of  the  moon ;  the  distance  of  the  second  is  about  half  that 
of  the  moon ;  that  of  the  third  about  two-thirds,  and  that  of  the 
fourth  about  five-sixths,  of  the  moon's  distance.  If  these  bodies, 
therefore,  exceed  the  moon  in  their  actual  dimensions,  their  apparent 
magnitudes  as  seen  from  Saturn  will  exceed  the  apparent  magnitude 
of  the  moon  in  a  still  greater  ratio  than  that  in  which  the  distance 
of  the  moon  from  the  earth  exceeds  their  several  distances  from 
the  surface  of  Saturn.  Of  the  remaining  satellites,  little  is  as  yet 
known  of  the  seventh,  and  apparently  the  most  minute,  H3rperion, 
which  was  only  discovered  in  1 848  ;  and  the  great  magnitude  of 
the  sixth.  Titan,  renders  it  probable  that,  notwithstanding  its^great 
distance  from  Saturn,  it  may  still  appear  with  a  disk  not  very  much 
less  than  that  of  the  moon. 

455.  ftotatlon  on  tbelr  axes.  —  The  case  of  the  moon,  and  the 
observations  made  on  the  sateUites  of  Jupiter,  raise  the  presumption 
thatit  is  a  general  law  of  secondary  planets  to  revolve  on  their  axes 
in  the  times  in  which  they  revolve  round  their  primary.  The 
great  distance  of  Saturn  has  deprived  observers  hitherto  of  the 
power  of  testing  this  law  by  the  Satumiaa   e^%\j^xcL«    d«^^sca^. 
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^!  appearances^  however,  which  have  been  observed  in  the  case 

the  great  satellite  Titan  indicate,  at  least  with  regard  to  it,  sue! 
rotation.  The  variation  of  its  apparent  brightness  in  different  pi 
of  its  orbit  is  very  conspicuous,  and  the  changes  have  a  & 
relation  to  its  elongation,  the  same  degree  of  brightness  alwi 
corresponding  to  the  same  position  of  the  satellite  in  relation  to 
primary.  Now  this  is  an  effect  which  would  be  explicable  on  1 
supposition  that  different  sides  of  the  satellite  reflect  li^t  w 
,^    ^  different  degrees  of  intensity,  and  that  it  revolves  on  its  axis  in  t 

ij.  > ;  f  same  time  that  it  revolves  round  its  primary.    It  has  been  obsen 

that,  when  the  satellite  has  eastern  elongation,  it  has  ceased  to 
>dAible,  from  which  it  has  been  inferred  that  the  hemisphere  it 
turned  to  the  earth  has  so  feenle  a  reflective  power  that  the  lis 
proceeding  fix)m  it  is  insufficient  to  affect  tiie  eye  in  a  sensi) 
degree.  The  improvement  of  telescopes  has  enabled  observers 
j  follow  it  at  present  through  the  entire  extent  of  its  orbit^  but  1 

N  diminution  of  its  lustre  on  the  eastern  side  of  the  planet  is  still 

great,  that  it  is  only  seen  with  the  greatest  difficult. 

456.  ncais  of  Saturn. —  The  mass  of  Saturn  is  ascertained 
the  motion  of  his  satellites,  and  is  found  to  be  the  3  500th  part  oft 
mass  of  the  sun,  or  about  100  times  greater  than  ^at  of  the  earl 

457.  Density. —  Since  the  mass  of  Saturn  is  only  100  tin 
greater  than  that  of  the  earth,  while  his  volume  is  about  1 000  tin 
greater,  it  follows  that  this  planet  is  composed  of  matter  whc 
mean  density  is  about  ten  times  less  than  that  of  the  earth ;  ai 
since  the  density  of  the  earth  is  about  five  and  a  half  times  great 
than  that  of  water,  it  follows  that  the  density  of  Saturn  is  a  litl 
more  than  half  that  of  water.    This  is  the  density  of  the  light  soi 

^'^  of  wood,  such  as  cedar  and  poplar,  and  is  about  twice  the  densi 

j    L  of  cork  (H.  91). 

III.  Uranus. 

458.  Discovery  of  irranas. — While  occupied  in  one  of  h 
surveys  of  the  heavens  on  the  night  of  the  13th  of  March,  178 
the  attention  of  Sir  William  Herschel  was  attracted  by  an  obje< 
which  he  did  not  find  registered  in  the  catalogue  of  stars,  and  whic 
presented  in  the  telescope  an  appearance  obviously  different  fioi 
that  of  a  fixed  star.  On  viewing  it  with  increased  magnifyin 
powers,  it  presented  a  sensible  disk ;  and  after  the  lapse  of  som 
days,  its  place  among  the  fixed  stars  was  changed.  This  objec 
must,  therefore,  have  been  either  a  comet  or  a  planet;  and  Sir  \^ 
Herschel  in  the  first  instance  announced  it  as  the  former.  Whei 
however,  submitted  to  further  and  more  continued  observation,  i 
was  found  to  move  in  an  orbit  nearly  circular,  inclined  at  a  snuU 
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angle  to  the  plane  of  the  ecliptic^  and  to  have  a  disk  sensibly 
circular. 

It  appeared^  therefore^  to  have  the  characters^  not  of  a  cornet^ 
but  a  planet  revolying  outside  the  orbit  of  Saturn.  It  was  named 
the  '*  G^eorgium  Sidus  "  by  Sir  W.  Herschel,  in  compliment  to  his 
friend  and  patron  George  HI.  This  name  not  being  accepted  by- 
foreign  astronomers^  that  of  "  Herschel "  was  proposed  by  Laplace, 
and  to  some  extent  for  a  time  adopted.  Definitely,  however,  the 
scientific  world  has  agreed  upon  the  name  ^^  Uranus,"  by  which 
this  member  of  the  system  is  now  universally  designated. 

459.  Veriod,  hy  synodio  motton. — Owing  to  the  great  length 
of  the  period  of  this  planet,  those  methods  of  determination  which 
require  the  observation  of  one  or  more  complete  revolutions  could 
not  be  applied  to  it.  The  synodic  period,  however,  or  the  interval 
between  two  successive  oppositions,  being  only  369*4  days, 
supplied  a  means  of  obtaining  a  first  approximation.  This  gives  a 
period  of  30,643  days. 

460.  8y  fbe  apparent  motloii  In  quadratnre. — When  a 
planet  is  in  quadrature,  its  visual  direction  being  a  tangent  to  the 
earth's  orbit,  its  apparent  place  is  not  affected  by  the  earth's  orbital 
motion.  In  the  quadrature  which  precedes  opposition,  the  earth 
moves  directly  totoewda  the  planet ;  and  in  the  quadrature  which 
follows  opposition,  it  moves  directly  from  the  planet.  In  neither 
case,  therefore,  would  its  motion  produce  any  apparent  change  of 
place  in  the  planet.  It  follows,  therefore,  that  when  a  planet  is  in 
quadrature,  its  apparent  motion  is  due  exclusively  to  its  own  motion 
and  not  at  all  to  that  of  the  earth.  The  daily  motion  of  the  planet 
as  then  observed  is,  therefore,  the  actual  daily  increment  of  its  geo- 
centric longitude. 

But  in  the  case  of  a  planet,  such  as  Uranus,  or  even  Saturn, 
whose  distance  from  the  sun  bears  a  large  ratio  to  the  earth's  distance, 
the  geocentric  motion  of  the  planet  wiU  not  differ  sensibly  from  the 
heliocentric  motion ;  and,  therefore,  the  geocentric  daily  increment 
of  the  planet's  longitude  observed  when  in  quadrature  may,  to 
obtain  an  approximative  value  of  the  period,  be  taken  as  the  daily 
increment  of  the  heliocentric  longitude.  If  this  increment  be  ex- 
pressed by  I,  we  shall  have 

360° 

Now,  it  is  found  that  the  apparent  daily  increment  of  the  planet's 
longitude  when  in  quadrature  is  42''*23.  If  360**  be  reduced  to 
seconds,  we  shall  then  have 

1296000         ^o 
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Bj  moie  accurate  calculation,  the  periodic  time  has  begn  del 
mined  at  30,686-82  dara,  or  84.  years. 

461.  Sellooentrlc  motion. — The  mean  di 
heliocentric  motion  of  the  planet  is,  therefore,  m 
eiactlj-,  42"'i33. 

461.  niatanoe  nrom  tlie  nn. — The  loeaii  i 
tanceof  Uranus  from  thesuniaip'iS}  times  tha: 
the  earth,  and,  coneequeatlj,  the  actual  diBtancf 
about  i,8z2,3S;,000  miles,  its  distance  fiom  1 
earth  being,  when  in  opposilioi),  theiefore~i7 
millions  of  miles. 

The  excentricitj  of  the  orbit  of  Uiaous  bd 
0'0466,  these  distances  are  liable  to  coilj  a  ti 
sraaH  variation.  The  distance  &om  the  Bon  if  i 
creased  in  aphelion,  and  diminished  in  periheli 
bj  leas  than  a  twentieth  of  its  entire  amount.  1 
plane  of  the  orbit  coincides  veiy  nearly  with  that 
the  ecliptic. 

4.63.  BeUtlTe  orbit  nnA  dlatanoe  ftmn  t) 
oBitb. — The  relative  proportion  of  the  orbits 
Uranus  and  the  earth  are  represented  in  _fig.  7 
where  £  e'  e"  is  the  orbit  of  the  earth,  and  s  r  t 

distance  of  Uranus  from  the  sun,    The  four  pa 

I^^^^^H  tions  of  the  earth,  corresponding'  to  the  oppooitdc 
conjunction,  and  quadratures  of  the  plane^  are  1 
presented  ss  in  the  former  cases, 

-4.64.  Vut  aoalD  of  tlie  orbital  moUOB. — T 
distance  of  Uranus  horn  the  sun  being  above  nin 
teen  times  that  of  the  earth,  and  the  earth  b^ng 
such  a  dbtance  that  light,  moving  at  the  rate 
neorl;  200,000  miles  per  second,  takes  about  eig 
minul«8  to  come  from  the  sun  to  the  earth ; 
follows  that  it  will  take  1 9  x  8  =  1 ;  z  minutes, 
about  two  hours  and  a  half,  to  move  &om  the  sun 
UianuB.  Sunrise  and  sunset  are,  therefore,  d 
perceived  by  the  inhabitants  uf  that  planet  for  U 
hours  and  a  hidf  after  the;  reall;  take  place,  for  the  snn  does  n 
appear  to  rise  or  set  until  the  light  moving  from  it,  at  t] 
moment  it  touches  the  plane  of  the  horizon,  reaches  the  eje  of  tl 
obaerver. 

The  diameter  of  the  orbit  of  Uranus  measuring,  in  round  nui 
bers,  3600  millions  of  miles,  its  circumference  measures  11,3c 
millions  of  miles,  over  which  the  planet  moves  in  30,687  daj 
Its  mesu  daily  motion  is  therelbre  368,000  miles,  and  its  hour 
motion,  consequent!;, 'about  15,300  miles. 


Ff|.  74. 


THE  MAJOR  PLAMETS.— UEANUS.  271 

465.  Apparent  and  real  dbunetora.  — The  apparent  diameter 
of  UranuB  in  oppositioii  exceeds  4"  I17  a  small  taction.  At  the 
distance  of  the  planet  from  the  earth,  in  that  position,  the  linear 
value  of  l"  is  S373  miles;  the  actual  diameter  of  the  planet  b; 
this  method  ia  tiierefore  34,329  miles,  being  about  half  that  of 
Satum,  and  a  little  more  than  4^  times  that  of  the  earUt.  The 
diameter  generally  adopted  ia  34,500  miles. 

466.  Snrfbce  and  volwiM. — The  sui&ce  of  TJmnua  ia  there- 
fore 19  timea,  and  its  volume  about  83  times  that  of  the  earth. 

467.  SlnmBl  ratatton  and  fibT^al  abaraat«r  of  BiirfaDe 
ana>«ertained. — The  vast  distance  of  this  planet,  and  its  conse- 
quent small  apparent  magnitude  and  faint  illuminatioD,  have  ren- 
dered it  hitherto  impracticable  to  discover  any  indications  of  its 
diurnal  rotation,  the  existence  of  an  atmosphere,  or  anj  of  the 
other  physical  characters  which  the  teleacope  has  disclosed  in  the 
case  of  the  nearer  of  the  great  planets. 

468.  Solar  llrlit  and  beat. — The  apparent  diameter  of  the  sun 
as  seen  from  Uranus,  is  less  than  as  seen  ^m  the  earth  in  the 
ratio  of  1  to  19.  The  magnitude  of  the  sun'a  disk  at  the  earth 
being  supposed  to  be  repieeented  by  E,^ff.  75,  its  magnitude  s( 
from  UranuB  would  be  v. 

The  illuminating  and  warm- 
ing- powers  of  the  solar  rays,  t 
del'  the  tame  phi/ncal  conditions, 
are  therefore   19' =  361   times 
less  at  Uranua  tha^  at  the  earth. 

469.  Soapeoted  rlnr*. — 
was  at  one  lime  suspect«d  by 
Sir  W.  Herschel  that  this  planet 
was  BuiTonnded  by  two  systems 
of  ringa  with  planes   at    right  *^'  "■ 

angles  to  each  other.    Subsequent  observation  has  not  realised  this 
conjecture. 

470.  Satellite*.  —  It  haa  been  ascertaiQed  that  Uranua,  like 
the  other  major  planets,  is  attended  by  a  ayatem  of  satellites,  the 
number  of  which  is  not  yet  certainly  determined,  and  which,  from 
the  great  remoteoeea  of  the  Uraniaa  system,  cannot  be  seen  at  all 
except!  by  the  aid  of  the  most  perfect  and  powerful  telescopes. 

Sir  W.  Herschel,  soon  after  discovering  this  planet,  announced  the 
existence  of  a  syet«m  of  .six  satellites  attentUng  it.  On  the  1 1  th 
of  January,  1 787,  the  second  and  fourth  in  order  of  distance  from 
the  planet  were  discovered,  the  remaining  four  having  been  noticed  - 
in  the  interval  between  (he  beginning  of  1790,  and  the  end  of  1798. 
The  periods  and  distances  of  the  satellites  as  determined  generally 
by  Sir  W.  Herschel,  are  expressed  in  the  following  Table  -. — 


a  by  E,Jig.  75,  its  magnitude  seen 
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Subsequent  obserratioiii  have  confirmed  thia  diacoveij  bo  £u  on 
as  relies  to  the  second  and  fourth  Mtellites,  the  Grat,  thiid,  fifl 
and  sixth,  having  onlyheeu  Been  by  SbW.  Henchel.  The  othc 
not  having-  been  Ts-observed,  notwithBtandiug  the  vast  impTOTenw 
which  has  taken  place  in  the  conatractioii  of  teleecopea,  and  ti 
greatly  multiplied  number  and  increased  actiTity  and  seal  of  obM 
vets,  must  be  considered,  to  say  the  least,  as  problematical. 

Oonmderable  attention  has  been  devoted  to  this  planet  1^  It 
Laesell  and  others,  with  the  object  of  removing  the  vmcertun 
which  is  attached  to  the  number  of  satellites  belon^g  to  it.  Tl 
two  principal  satellites  of  Sir  W.  Herschel,  the  second  and  foort 
are  by  far  the  most  conspicuous,  and  their  distances  and  peiio( 
have  been  ascertained  with  all  deurable  accuracy  and  c«9taint 
Two  inner  satellites  named  Ariel  and  Umbriel  revolving  aroui 
the  primary  within  the  second  of  Sir  W.  Herachel's,  have  been,  mm 
18+7,  frequently  observed,  particularly  by  Jlr.  Lsssell,  at  Malt 
in  1853,  to  which  place  he  transferred  hla  zo-feet  reflector;  I 
which  means,  and  in  consequence  of  the  superior  biiUisncy  of  tl 
sky  and  clearness  of  atmosphere  to  that  to  which  he  was  accuatomc 
at  Liverpool,  Mr.  Lassell  was  enabled  to  malce  a  conraderahle  serii 
of  measures  of  positions  and  distances  of  the  two  principal  sateliitd 
Titania  and  Oberon,  as  well  as  of  the  two  recently  discovered  inni 
satellites,  Ariel  and  Umbriel,  These  names  have  been  snggeett 
by  Mr.  Lassell  as  an  appropriate  nomenclature  for  tho  four  satelliti 
whose  identities  have  been  established. 

In  addition  to  the  periods  and  distances  ^ven  above,  which  u 
those  detennined  by  Sir  W.  Herschel,  we  insert  also,  in  tl 
following  table  the  periods  and  distances  of  the  four  satellites,  1 
"" '"""""ieof  which  there  ia  no  doubt 


Prtod. 

W««.ta 

r.         K       «. 

u~«. 

Umbriel 
'nninli 
Obtwoa 

i    :!    i    il 
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The  number  of  satellites  attending  upon  Uranus  must^  therefore^ 
be  assumed  to  amount  to  four^  imtil  by  further  improvements  in 
the  construction  of  telescopes,  giving  &Q  increased  penetrating 
power,  observers  may  be  enabled  to  detect  others,  or  to  confirm 
the  existence  of  some  of  those  which  have  hitherto  been  supposed 
to  form  a  portion  of  the  Uranian  system.  . 

471.  Anomalous  Inollnatloii  of  tbeir  orbits. — Contrary  to 
the  law  which  prevails  without  any  other  exception  in  the  molions 
of  the  bodies  of  the  solar  system,  the  orbits  of  the  satellites  of 
Uranus  are  inclined  to  the  plane  of  the  orbit  of  the  planet,  and 
therefore  to  that  of  the  ecliptic,  at  an  angle  of  78^  58',  being  little 
less  than  a  right  angle,  and  their  motions  in  these  orbits  are  retro- 
grade, that  is  to  say,  their  longitudes  as  seen  from  Uranus  continu- 
ally decrease. 

When  the  earth  has  such  a  position  that  the  visual  direction  is 
at  right  angles  to  the  line  of  nodes,  the  angle  under  the  plane  of 
the  orbit  and  the  visual  line  will  be  78^  58';  and  in  certain  posi- 
tions of  the  planet  they  will  be  seen,  as  it  were,  in  plan.  Being 
nearly  circular,  the  satellites  will  in  such  a  position  be  visible 
revolving  round  the  primary  throughout  their  entire  orbits,  the 
projections  not  sensibly  differing  horn,  circles. 

472.  Apparent  motion  and  pliases  as  seen  flrornVranns. — 
The  diurnal  rotation  and  the  direction  of  the  axis  of  the  planet 
being  unascertained,  the  inclination  of  the  orbits  to  the  planet's 
equator  is  consequently  unknown.  It  appears,  however,  that  all 
the  orbits  have  the  same  line  of  nodes,  and  are  in  a  common  plane 
or  nearly  so.  Twice  in  each  revolution  of  the  planet  this  plane 
passes  through  the  sun,  when  the  satellites  exhibit  the  same  suc- 
cession of  phases  to  the  planet  as  the  moon  presents  to  the  earth, 
except  so  far  as  they  are  modified  by  the  effects  of  the  diurnal 
parallax,  which  are  considerable,  especially  in  the  case  of  the 
nearer  satellites. 

Twice  in  each  revolution  of  the  planet,  at  epochs  exactly  inter- 
mediate between  the  former,  the  line  of  nodes  being  at  right  angles 
to  the  line  joining  the  sun  and  planet,  the  plane  of  the  satellites' 
orbits  is  nearly  perpendicular  to  the  same  line.  In  this  case  the 
satellites  during  their  entire  revolution  suffer  no  other  change  of 
phase  than  what  may  be  produced  by  the  diurnal  parallax,  and 
appear  continually  with  the  same  phases  as  that  which  the  moon 
presents  at  the  quarters. 

In  the  intermediate  position  of  the  planet  a  complicated  variety 
of  phases  wUl  be  presented,  which  maybe  traced  and  analysed 
by  giving  due  attention  to  the  change  of  direction  of  the  line  of 
nodes  of  the  satellites'  orbits  to  the  line  joining  the  planet  with 
the  sun. 
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Subsequent  observatioiis  have  confinned  this  discoyeiy  so  far  onlj 
as  relates  to  the  second  and  fourth  satellites^  the  first;  third,  fifth, 
and  sixth,  having  only  been  seen  by  SirW.  HerscheL  The  others 
not  having  been  re-observed,  notwitiistanding  the  vast  improyement 
which  has  taken  place  in  the  construction  of  telescopes^  and  the 
greatly  multiplied  number  and  increased  activity  and  zeal  of  obser- 
vers, must  be  considered,  to  say  the  least,  as  problematical. 

Considerable  attention  has  been  devoted  to  this  planet  by  Mr. 
Lassell  and  others,  with  the  object  of  removing  the  imcertBiniT 
which  is  attached  to  the  number  of  satellites  belonging  to  it.  The 
two  principal  satellites  of  Sir  W.  Herschel,  the  second  and  fourth, 
are  by  far  the  most  conspicuous,  and  their  distances  and-  periods 
have  been  ascertained  with  all  desirable  accuracy  and  certainty. 
Two  inner  satellites  named  Ariel  and  Umbriel  revolving  around 
the  primary  within  the  second  of  Sir  W.  Herschel's,  have  been,  since 
1 847,  frequently  observed,  particularly  by  Mr.  Lassell,  at  Malta, 
in  1852,  to  which  place  he  transferred  his  20-feet  reflector;  by 
which  means,  and  in  consequence  of  the  superior  brilliancy  of  the 
sky  and  clearness  of  atmosphere  to  that  to  which  he  was  accustomed 
at  Liverpool,  Mr.  Lassell  was  enabled  to  make  a  considerable  series 
of  measures  of  positions  and  distances  of  the  two  principal  satellites, 
Titania  and  Oberon,  as  well  as  of  the  two  recently  discovered  inner 
satellites,  Ariel  and  Umbriel.  These  names  have  been  suggested 
by  Mr.  Lassell  as  an  appropriate  nomenclature  for  the  four  satellites 
whose  identities  have  been  established. 

Li  addition  to  the  periods  and  distances  given  above,  wbich  are 
those  determined  by  Sir  W.  Herschel,  we  insert  also,  in  the 
following  table  the  periods  and  distances  of  the  four  satellites,  of 
the  existence  of  which  there  is  no  doubt. 


Name  of  Satellite. 


Ariel 
Umbriel 
Titania 
OberoQ 


Period. 


D. 


K. 


M. 


8. 


i 

13 


12 

>l 

II 


1 


ao7 
8x) 

H'9 
55** 


Dfftanoeln 
awnktiameieM  of 
Unuona. 


744 
10- J7 

I7X>I 
i»75 
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The  number  of  satellites  attending  upon  Uranus  must^  therefore, 
be  assumed  to  amount  to  four,  until  by  further  improvements  in 
the  construction  of  telescopes,  giving  an  increased  penetrating 
power,  observers  may  be  enabled  to  detect  others,  or  to  confirm 
the  existence  of  some  of  those  which  have  hitherto  been  supposed 
to  form  a  portion  of  the  Uranian  system.  . 

471.  Anomalous  Inollnatloii  of  tbeir  orMts. — Contrary  to 
the  law  which  prevails  without  any  other  exception  in  the  molions 
of  the  bodies  of  the  solar  system,  the  orbits  of  the  satellites  of 
Uranus  are  inclined  to  the  plane  of  the  orbit  of  the  planet,  and 
therefore  to  that  of  the  ecliptic,  at  an  angle  of  78^  58',  being  littla 
less  than  a  right  angle,  and  their  motions  in  these  orbits  are  retro- 
grade, that  is  to  say,  their  longitudes  as  seen  &om  Uranus  continu- 
ally decrease* 

When  the  earth  has  such  a  position  that  the  visual  direction  is 
at  right  angles  to  the  line  of  nodes,  the  angle  under  the  plane  of 
the  orbit  and  the  visual  line  will  be  78^  58';  and  in  certcdn  posi- 
tions of  the  planet  they  will  be  seen,  as  it  were,  in  plan.  Being 
nearly  circular,  the  satellites  will  in  such  a  position  be  visible 
revolving  round  the  primary  throughout  their  entire  orbits,  the 
projections  not  sensibly  differing  fix)m  circles. 

472.  Apparent  motion  and  pbaaes  as  seen  flrornVranuai — 
The  diurnal  rotation  and  the  direction  of  the  axis  of  the  planet 
being  unascertained,  the  inclination  of  the  orbits  to  the  planet's 
equator  is  consequently  unknown.  It  appears,  however,  that  all 
the  orbits  have  the  same  line  of  nodes,  and  are  in  a  common  plane 
or  nearly  so.  Twice  in  each  revolution  of  the  planet  this  plane 
passes  through  the  sun,  when  the  satellites  exhibit  the  same  suc- 
cession of  phases  to  the  planet  as  the  moon  presents  to  the  earth, 
except  so  far  as  they  are  modified  by  the  effects  of  the  diurnal 
parallax,  which  are  considerable,  especially  in  the  case  of  the 
nearer  satellites. 

Twice  in  each  revolution  of  the  planet,  at  epochs  exactly  inter- 
mediate between  the  former,  the  line  of  nodes  being  at  right  angles 
to  the  line  joining  the  sun  and  planet,  the  plane  of  the  satellites' 
orbits  is  nearly  perpendicular  to  the  same  line.  In  this  case  the 
satellites  during  their  entire  revolution  suffer  no  other  change  of 
phase  than  what  may  be  produced  by  the  diurnal  parallax,  and 
appear  continually  with  the  same  phases  as  that  which  the  moon 
presents  at  the  quarters. 

In  the  intermediate  position  of  the  planet  a  complicated  variety 
of  phases  will  be  presented,  which  maybe  traced  and  analysed 
by  giving  due  attention  to  the  change  of  direction  of  the  line  of 
nodes  of  the  satellites'  orbits  to  the  line  joining  the  planet  with 
the  sun. 
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473.  mma»  Bad  daiMl^  of  Dnnna. — Some  naeerUint; fl 

attend*  the  dBtenninatiou  of  the  elementH  of  theM  more  dim 
and  recently  discovered  planatB.  The  iua«s  sad  dnmbj  of  TTni 
ore  only  prorisionallj  detemmied.  The  ma«s  i«  imwiiiiiiiiI  to  be  t 
i4^(X)th  part  of  that  of  the  mm,  and  the  deuaity  the  aixth  of  tl 
of  die  earth.    Some  obeervera  make  the  maaa  considerably  gieati 

IV.  Nkptckb. 

'474.  DUeorerr  ef  WBptnne.  — The  discorerj  of  thia  plai 
conatituteg  one  of  the  most  aignal  triiunpha  of  mathemalieal  acieo 
and  marks  an  era  which  must  be  for  ever  memorable  in  Qie  histc 
of  physical  inveatigation. 

If  the  planets  irereaubject  only  to  the  attraction  ofthesan,tii 
vould  reTolve  in  exact  ellipses,  of  which  lite  son  wonld  be  t 
common  focus ;  but  being  also  subject  to  the  attraction  of  eacli  oth 
which,  though  incomparably  more  feeble  than  that  of  tlie  prnidi 
central  mass,  produces  sensible  and  meaaurable  effects,  coneeqnt 
deviations  from  these  elliptic  patlia,  called  psbzusbatiosb,  ti 
place.  The  masses  and  relntive  motions  of  the  planets  being  kiio« 
these  disturbances  can  be  ascertained  with  such  accuracy  that  t 
poaitian  of  any  known  planet  at  any  epoch,  past  or  &tim,  can 
determined  with  the  most  surprising  degree  of  predaion. 

If,  therefore,  it  should  be  found  that  the  motion  which,  a  plan 
is  olMerred  to  have,  is  not  in  a(M»>rdance  with  that  which  it  oi^glit 
have,  subject  to  the  central  attraction  of  the  sna,  and  the  disturbii 
actions  of  the  sumninding  planets,  it  mnst  be  inferred  that  son 
other  disturbing  attraction  acts  upon  it,  proceeding  trom  bb  u 
discovered  cause,  and,  in  this  case,  a  problem  novel  in  its  fbim  ai 
data,  and  heaet  with  difficulties  which  might  well  appe 
insuperable,  is  presented  to  the  physical  astoonomer.  If  d 
solution  of  the  problem,  to  determine  the  liisturbancea  product 
upon  the  orbit  of  a  planet  by  another  planet,  whose  mass  an 
motions  are  known,  he  regarded  as  a  stupendous  achievement 
physical  and  mathematical  adence,  how  much  more  fiirmidab 
must  not  the  converse  question  be  regarded,  in  which  ti 
disturbances  are  given  to  find  the  planet  t 

Such  was,  neverthdesa,  the  problem  of  which  the  discovery  1 
Neptune  has  been  the  astonishing  solution. 

Although  no  eipontion  of  the  actual  process  by  which  th 
great  intellectual  achievement  has  been  efiected  could  be  compn 
hended  without  the  possession  of  an  amount  of  mathematdo 
knowledge  &r  eiceeduig  that  which  is  expected  from  the  readers  1 
treatisaamachleas  elementarythanthe  present  volume,  we  may  n 
be  altogMhei  misncoeasful  in  attempting  to  illustrate  the  prindpl 
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on  which  an  investigation^  attended  with  so  surprising  a  result,  has 
been  based;  and  even  the  method  upon  which  it  has  been  conducted, 
so  as  to  strip  the  proceeding  of  much  of  that  incomprehensible 
character  which,  in  the  view  of  the  great  mass  c/[  those  who 
consider  it  without  being  able  to  follow  the  steps  of  the  actual 
investigation,  is  generally  attached  to  it,  and  to  diow  at  least  the 
spirit  of  the  reasoning  by  which  the  solution  of  the  problem  has 
been  accomplished. 

For  this  purpose,  it  will  be  necessary,  ^^,  to  explain  the  nature 
and  character  of  those  disturbances  which  were  observed,  and  which 
could  not  be  ascribed  to  the  attraction  of  any  of  the  known  planets ; 
and,  secondly y  to  show  in  what  manner  an  undiscovered  planet 
revolving  outside  the  known  limits  of  th6  solar  system  could 
produce  such  effects. 

475.  Unexplained  dlstnrbanoes  observed  in  tlie  motions  of 
irranns.  —  The  planet  Uranus,  revolving  at  the  extreme  limits  of 
the  solar  system,  was  the  object  in  which  were  observed  those  dis- 
turbances which,  not  being  the  effects  of  the  action  of  any  of  the 
known  planets,  raised  the  question  of  the  possible  existence  of 
another  planet  exterior  to  it,  which  might  produce  them. 

After  the  discovery  of  the  planet  by  Sir  W.  Herschel,  in  1781, 
its  motions,  being  regularly  observed,  supplied  the  data  by  which 
its  elliptic  orbit  was  calculated,  and  the  disturbances  produced  upon 
it  by  the  masses  of  Jupiter  and  Saturn  ascertained,  the  other  planets 
of  the  system,  by  reason  of  their  remoteness,  and  the  comparative 
minuteness  of  their  masses,  not  producing  any  sensible  effects. 
Tables  foimded  on  these  results  were  computed,  and  ephemerides 
constructed,  in  which  the  places  at  which  the  planet  ought  to  be 
found  from  day  to  day  for  the  future,  were  duly  registered. 

The  same  kind  of  calculations  wldch  enable  the  astronomer  thus 
to  predict  the  future  places  of  the  planet,  would,  as  is  evident, 
equally  enable  him  to  ascertain  the  places  which  had  been 
occupied  by  the  planet  in  times  past  By  thus  examining,  re- 
trospectively, the  apparent  course  of  the  planet  over  the  firmament, 
and  comparing  its  computed  places  at  particular  epochs  with  those 
of  stars  which  had  been  observed,  and  which  had  subsequently 
disappeared,  it  was  ascertained  tiiat  several  of  these  stars  had  in  fact 
been  Uranus  itself,  whose  planetary  character  had  not  been 
recognised  from  its  appearance,  owing  to  the  imperfection  of  the 
telescopes  then  in  use,  norfiram  its  apparent  motion,  owing  to  the, 
observations  not  having  been  sufficienUy  continuous  and  multiplied. 

In  this  way  it  was  ascertained  that  Uranus  had  been  observed, 
and  its  position  recorded  as  a  fixed  star,  six  times  by  Flamsteed ; 
viz.,  once  in  1690,  once  in  1712,  and  four  times  in  1715^ — once 
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by  Bradley  b  1753,  once  hj  Mayer  in  1756,  and  twelre  timea  1 
Lemonnier  between  17^0  and  1771. 

Noir,  althongh  the  observed  poaitionB  of  these  objects,  combiiu 
with  their  aubsequnat  diaappearsnce,  left  no  doubt  whatever  < 
thor  identic  with  &e  planet,  their  obaerved  places  deriati 
■ennUy  from  the  places  which  the  planet  ought  to  have  hi 
accoidiiig  to  the  computatjona  founded  upon  ita  motione  after  i 
diacoTeiy  in  1781.  If  these  deviatione  could  have  been  shown  1 
be  irregular  and  goremed  bj  no  law,  thej  would  be  aacribad  I 
errors  ot  obserration.  If,  00  the  other  hand,  they  w«re  foimd  1 
fbllow  a  regnlsr  couise  of  increase  and  decrease  in  dertermiua 
directioni^  they  would  be  ascribed  to  the  agency  of  sonte  m 
diacorered  disturbing  cause,  whose  actim  at  the  epochs  of  tl 
andent  ohservationa  was  different  from  its  action  at  iDore  reea 
perioda. 

The  ancient  obserrations  were,  bowoTer,  too  limited  in  nnmbi 
and  too  discontinuous  to  demonstrate  in  a  satis&ctoiy  maaner  tl 
inegularity  or  tbe  regularity  of  the  deviation.  NeTertbelem,  ll 
circumstance  ruBed  much  doubt  and  misgiving  in  the  mind  1 
Bouvaid,  by  whom  the  tables  of  Uranus  were  constructed ;  an 
considering  that  these  tables,  in  which  every  correction  for  pertm 
batdon  indicated  by  tbe  best  existing  theories  was  applie<^  wa 
based  npon  tbe  modem  obaervationa,  it  was  anticipated  that  tfa 
agreement  between  tbe  observed  and  tabular  places  of  the  plant 
would  continue  for  a  conaidemble  period  of  time.  When,  a 
examination,  it  was  found  impossible  to  reconcile  the  ancien 
observations  of  Flamsteed,  Lemonnier,  &c.  with  the  orbit  lequirei 
to  satisfy  the  obaervationa  made  after  the  discovery  of  tbe  plane 
in  1781,  the  difficulties  attending  the  explanation  of  these  inegu' 
larities  were  so  great,  that  M.  Bouvard  stated  that  he  would  lewv< 
to  futurity  the  decision  of  the  question  whether  these  devialioni 
were  due  to  errors  of  observation,  or  to  an  undiscovered  disturhinf 
agent.  We  shall  ptesently  be  enabled  to  appreciate  the  eagad^ 
of  this  reserve. 

The  motions  of  the  planet  continued  to  be  asdduously  observed, 
and  were  found  to  be  in  accordance  with  the  tables  for  about  four- 
teen years  from  tbe  date  of  the  discovery  of  tbe  planet  About  tb( 
year  179$,  a  slight  discordance  between  the  tabular  and  observed 
places  began  to  be  manifested,  the  latter  being  a  little  in  advance 
of  the  former,  so  that  the  observed  longitude  l  of  the  planet  waf 
greater  than  the  tabular  longitude  l'.  After  this,  from  year  t« 
year,  the  advance  of  the  observed  upon  the  tabular  place  increased, 
so  that  tbe  excess  l— l'  of  ^e  observed  above  the  tabular  longitude 
was  continually  augmented.  The  increase  of  l — L'  continued  undl 
i8z2,wben  it  became  stationaiy,  and  afterwards  began  to  decreaas; 
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This  decrease  continued  until  about  1 830-3 1^  when  the  deviation 
L— L^  disappeared)  and.  the  tabular  and  observed  longitudes  again 
agreed.  This  accordance,  however,  did  not  long  prevail.  The 
planet  soon  began  to  Ml  behind  its  tabular  place^  so  that  its 
observed  longitude  L,  which  before  1 83 1  was  greater  than  the 
tabular  longitude  L^,  was  now  less ;  and  the  disttuice  L^— L  of  the 
observed  behind  the  tabular  place  increased  from  year  to  year,  and 
still  increases,  amounting  in  November^  1858^  to  3^  38'^  of  longi- 
tude. 

It  appears,  therefore,  that  in  the  deviations  of  the  planet  from 
its  computed  place,  there  was  nothing  irregular  and  nothing  com- 
patible with  the  supposition  of  any  cause  depending  on  the  acci- 
dental errors  of  observation.  The  deviation,  on  the  contrary, 
increased  gradually  in  a  certain  direction  to  a  certun  point ;  and 
having  attained  a  ma.7nmum,  then  began  to  decrease,  which  decrease 
still  continues. 

The  phenomena  must,  therefore,  be  ascribed  to  the  regular 
agency  of  some  undiscovered  disturbing  cause. 

476.  A  planet  exterior  to  ITraniui  "would  produce  a  like 
effect. — It  is  not  difficult  to  demonstrate  that  deviations  from  its 
computed  place,  such  as  those  described  above,  would  be  produced 
by  a  planet  revolving  in  an  orbit  having  the  same  or  nearly  the 
same  plane  as  that  of  Uranus,  which  would  be  in  heliocentric  con- 
j  unction  with  that  planet  at  the  epoch  at  which  its  advance  beyond 
its  computed  place  attained  its  maximum. 

Let  A  B  c  D  E  F,  fig,  76,  represent  the  arc  of  the  orbit  of  Uranus 
described  by  the  planet  during  the  manifestation  of  the  perturba- 
tions. Let  N  n'  represent  the  orbit  of  the  supposed  undiscovered 
planet  in  the  same  plane  with  the  orbit  of  Uranus.  Let  a,  6,  c,  dj 
€,  and /be  the  positions  of  the  latter  when  Uranus  is  at  the  points 
A,  B,  c,  D,  E,  and  F.  It  is,  therefore,  supposed  that  Uranus  when  at 
D  is  in  heliocentric  conjunction  with  the  supposed  planet^  the 
latter  being  then  at  d. 

The  directions  of  the  orbital  motions  of  the  two  planets  are 
indicated  by  the  arrows  beside  their  paths ;  and  the  directions  of 
the  disturbing  forces  *  exercised  by  the  supposed  planet  on  Uranus 
are  indicated  by  the  arrows  beside  the  lines  joining  that  planet 
with  Uranus. 

Now,  it  will  be  quite  evident  that  the  attraction  exerted  by  the 
supposed  planet  at  a  on  Uranus  at  A  tends  to  accelerate  the  latter. 
In  like  manner,  the  forces  exerted  by  the  supposed  planet  at  h  and 
c  upon  Uranus  at  B  and  c  tend  to  accelerate  it.    But  as  Uranus 

*  To  simplify  the  explanation,  the  effect  of  the  attraction  of  Uranus  on  the 
son  is  omitted  in  this  illustratioiu 
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KpfToaebm  to  D  the  direction  of  the  distnrinng  force,  \iting  tm 
■nd  lea*  incllDed  to  that  uf  ^le  orfoitsl  motaon,  bu  •  less  and  leei 
accelenting  inflneace,  and  en 
being  in  the  direction  o  d  at 
right  angles  to  the  orbital  mo- 
tioD,  all  Bcceleiating  influaice 

After  passing  q  the  dis- 
turbing force  is  inclined  agtUKt 
the  motion,  and  instead  of  ac- 
celerating retards  it ;  and  m 
Unmus  talceB  succesaJTely  the 
poaitione  e,  p,  &c.  it  is  mm* 
^uid  mote  inclined,  and  its 
retarding  influence  more  and 
more  increased,  aa  will  be  eri- 
dent  if  the  directionB  of  the 
retarding  force  and  the  orbital 
motion,  Rs  indicated  by  the  arrows,  be  observed. 

It  ia  then  apparent  that  from  a  to  V  die  disturbing  force  accele- 
rating the  orbital  motion,  will  trangfer  Uranus  to  a  position  in 
advance  of  that  which  it  would  otherwise  have  occupied;  and  after 
passing:  l>i  the  disturbing  force  retaiding  the  planet's  motion  will 
continuallj  reduce  this  advance,  until  it  bring  hock  the  planet  to 
the  place  it  would  have  occupied  had  no  disturbing  force  acted ; 
after  which,  the  retardation  being  still  continued,  the  planet  will 
fall  behind  the  place  it  would  have  had  if  no  distuTbing  force  had 
act«d  upon  it 

Now  it  is  evident  that  these  are  precisely  the  land  of  disturbing 
forces  which  act  upon  Uranus ;  and  it  may,  therefore,  be  inferred 
that  the  deviations  of  that  planet  from  its  computed  place  are  the 
phj'sical  indications  of  the  presence  of  aplanet  exterior  to  it,  moving 
in  an  orbit  whose  plane  either  coincides  with  that  of  its  own  orbi^ 
or  is  inclined  to  it  at  a  veiy  small  angle,  and  whose  mass  and 
distance  are  auch  as  to  pve  to  its  attraction  the  degree  of  intensilr 
necessary  to  produce  the  alternate  acceleration  and  retardation  which 
have  been  observed. 

Since,  however,  the  intensity  of  the  disturbing  force  depends 
conjointly  on  the  quantity  of  the  disturbing  mass  and  ite  distance, 
it  is  easy  to  perceive  that  the  same  disturbance  may  arise  from 
diSbrent  masses,  provided  that  their  distances  are  so  varied  as  to 
compensate  for  their  different  weights  or  quantities  of  matter.  A 
double  mass  at  a  fourfold  distance  will  exert  precisely  the  same 
attraction.  The  question,  therefore,  undei'  this  point  of  view, 
belongs  to  the  class  of  intermediate  problems,  and  admits  of  an. 
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infinite  number  of  solutions.  In  other  words,  an  unlimited  variety 
of  different  planets  may  be  assigned  exterior  to  the  system,  which 
would  cause  disturbances  observed  in  the  motion  cf  Uranus,  so 
nearly  similar  to  those  observed  as  to  be  distinguishable  from,  them 
only  by  observaticms  more  extended  and  elaborate,  than  any  to 
which  that  planet  could  possibly  have  been  submitted  since  its  dis* 
covery. 

477.  Researcbes  of  Meaara.  Tm  Verrier  and  Adama. — The 
idea  of  taking  these  departures  of  the  observed  from  the  computed 
place  of  Uranus  as  the  data  for  the  solution  of  the  problem  to 
ascertain  the  position  and  motion  of  the  planet  which  could  cause 
such  deviations,  occurred,  nearly  at  the  same  time,  to  two  astrono- 
mers, neither  of  whom  at  that  time  had  attained  either  the  age  or 
the  scientific  standing  which  would  have  raised  the  expectations 
of  achieving  the  most  astonishing  discovery  of  modem  times. 

M.  Le  Verrier,  in  Paris,  and  Mr.  J.  C.  Adams,  of  Cambridge, 
engaged  in  the  investigation,  each  without  the  knowledge  of  what 
the  other  was  doing,  and  bdieving  that  he  stood  alone  in  his  ad- 
venturous and,  as  would  then  have  appeared,  hopeless  attempt. 
Nevertheless,  both  not  only  solved  the  problem,  but  did  so  with  a 
completeness  that  filled  the  world  with  astonishm^it  and  admira- 
tion, in  which  none  more  ardently  shared  than  those  who,  £rom  their 
own  attainments,  were  best  qualified  to  appreciate  the  difficulties 
of  the  question. 

The  question,  as  has  been  observed,  belonged  to  the  class  of 
intermediate  problems.  An  infinite  number  of  difierent  planets 
might  be  assigned  which  would  be  equally  capable  of  producing  the 
observed  disturbances.  The  solution,  therefore,  might  be  theoreti- 
cally correct,  but  practically  unsuccessfuL  To  strip  the  question  as 
far  as  possible  of  ^is  character,  certain  conditions  were  assumed,  the 
existence  of  which  might  be  regarded  as  in  the  highest  degree  pro- 
bable. Thus,  it  was  assumed  that  the  disturbing  planet's  orbit  was 
in  or  nearly  in  the  plane  of  that  of  Uranus,  and  therefore  in  that  of 
the  ecliptic ;  that  its  motion  in  this  orbit  was  in  the  same  direction 
as  that  of  all  the  other  planets  of  the  system,  that  is,  according  to 
the  order  of  the  signs ;  that  thie  orbit  was  an  ellipse  of  very  small 
excentricity ;  and  finally  that  its  mean  distance  from  the  sun  was, 
in  accordance  with  the  general  progression  of  distances  noticed  by 
Bode,  nearly  double  the  mean  dist^ce  of  Uranus.  This  last  con- 
dition, combined  with  the  harmonic  law,  gave  the  inquirer  the  ad- 
vantage of  the  knowledge  of  the  period,  and  therefore  of  the  m6an 
heliocentric  motion. 

Assuming  all  these  conditions  as  provisional  data,  the  problem 
was  reduced  to  the  determination,  at  least  as  a  first  approximation, 
of  the  mass  of  the  planet  and  its  place  in  its  orbit  «1  ^  ^<s^ 
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epoch,  Buch  as  would  be  capable  of  pToducing  the  obeerved  altei 
uate  acceleration  and  retardation  of  Uranus. 

The  determination  of  the  beliocantiic  pkce  of  tlie  planet  at 
given  epoch  would  have  been  materially  facUitated  if  the  exat 
time  at  which  the  amount  of  tlie  advance  (l —  l')  of  the  olMerrei 
upon  the  tabular  place  of  the  planet  had  attdned  its  maximuii 
were  known ;  but  this,  unfortunat«lj,  did  not  admit  of  being  at 
certained  with  the  neceBsarf  precision.  When  a  yarjmg  quantit 
attuns  its  maximum  state,  and,  after  increaring,  begins  to  diminiab 
it  is  statdonaiT  for  a  abort  interval ;  and  it  is  always  a  mtttter  c 
difScul^,  and  often  of  much  uncertMnty,  to  deterinin«  the  exae 
moment  at  which  the  increase  ceases  and  the  decrease  commencei 
Although,  therefore,  the  heliocentric  place  of  tlte  disturbing  plane 
could  be  nearly  assigned  about  1 822,  it  could  not  be  deteimiiMi 
with  the  desired  precision. 

Assuming,  however,  as  nearly  as  was  practicable,  the  longitud< 
of  Uranus  at  tiie  moment  of  heliocentric  conjunction  with  the  di» 
turbing  planet,  this,  combined  with  the  mean  motion  of  the  aongh 
planet,  inferred  from  its  period,  would  give  a  rough  approxlmaticH 
to  its  place  for  any  given  time. 

47S.  nemenM  of  Uw  toncbt  planet  MUlcned  Ity  Umm 
reomatei*.  —  Rough  approximations  were  not,  however,  what 
MM.  Le  Verrier  and  Adams  sought  They  aimed  at  more  exaci 
results;  and,  after  investigations  involving  all  the  resonicea 
and  e^austing  all  the  vast  powers  of  analysis,  these  eminent 
geometers  arrived  independently  at  the  following  elements  of  tb< 
undiscovered  planet :  — 


479.  IIS  aotaal  Olaoovery  br  Sr.  0>lle  «f  Berlla. — On 

the  z^rd  of  September,  1 846,  Dr.  Qalle,  one  of  the  astronomers 
of  the  Royal  Observatory  at  Berlin,  received  a  letter  from  M.  Le 
Veniet,  announcing  to  him  the  principal  results  of  his  calculations, 
informing  him  that  the  longitude  of  tlie  sought  planet  must  then 
be  326°,  and  requesting  him  te  look  ibr  it.  Dr.  Oalle,  assisted  by 
Professor  Encke,  accordingly  did  "  look  for  it,"  and  found  it  that 
veiy  night.  It  appeared  as  a  star  of  the  8th  magnitude,  having 
the  longitude  of  326°  52',  and  consequently  only  ja'  from  the 
place  assigned  by  M.  Le  Yerrier.    The  calculations  of  Mr.  AdamS| 
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reduced  to  die  same  d(^,  gavo  for  its  eppaTent  place  3 19°  1 9',  being 
2°  Zj'  from  the  place  where  it  waa  actually  found, 
4S0.  Ita  predloted  Knd  oltaerrea  places  In  near  proxlmltj- 

—  To  illustrate  the  retatiTe  proximity  of  these  remarltable  predic- 
tions to  the  actual  obserred  place,  let  the  arc  of 
the  ecliptic,  from  long.  323"  to  long.  330°,  be  re-  I 
presented  m_fig.  77.  The  place  assigned  by  M.  I 
Le  Verrier  for  the  sought  planet  is  indicalod  by  I 
the  BmaU  circle  at  L,  that  assigned  by  Mr.  Adams  I 
by  the  small  circle  at  a,  and  the  place  at  which  I 
it  vraa  actually  found  by  the  dot  at  v.  The  I 
distances  of  J.  and  A  from  y  may  be  appreciated  by  U 
the  circle  which  is  described  around  the  dot  k,  and  || 
which  representa  the  apparent  disk  of  the  moo 

The  distance  of  the  observed  place  of  the  planet  I 
from  the  place  predicted  by  M.  I*  Verrier  was  I 
less  than  two  diameters,  and  from  that  predicted  I 
by  Mr.  Adams  less  than  five  diameters,  of  the  y 
lunar  disk. 

481.  Covreoted   slementa   of  the   planet's 
orbit.  — In  obtaining  the  elements  giTen  above,   I 
Mr.  Adama  based  his  calculations  on  the  observa- 
tions of  Uranus  made  up  to    1 840,  while   the   I 
calculations  of  M.  Le  Verrier  were  founded  on 
observations    continued    to    1 84  J.      On    subse- 
quently taking  into  computation  &«  five  years  11 
ending    184;,  Mr.   Adams  concluded  that    the   | 
mean  distance  of  the  sought  planet  would  be  more 
exactly  taken  at  33*33. 

After  the  planet  had  been  actually  discovered,  and  obserrations 
of  sufSdent  continuance  were  made  upon  it,  the  following  was 
found  to  be  its  more  exact  elements,  having  been  computed  by  M. 
Kowalski,  of  Kazan.  These  elements  appear  to  represent  the  orbit 
of  Neptune  sufficiently  well  np  to  the  present  time :  — 
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482.  IMsorepanoles  between  fbe  aetaal  anA  predieta 
elements  explained.  —  Now  it  will  not  fail  to  strike  evezy  oi 
who  devotes  the  least  attention  to  this  interesting  question,  th 
considerable  discrepancies  exists  not  only  between  the  elemen 
presented  in  the  two  proposed  solutions  of  this  problem,  bi 
netween  the  actual  elements  of  the  discovered  planet  and  both 
these  solutions.  There  were  not  wanting  some  who,  Tiewing  the 
discordances,  did  not  hesitate  to  declare  that  the  disooYory  of  tl 
planet  was  the  result  of  chance,  and  not,  as  was  claimed,  of  mathi 
matical  reasoning,  since,  in  fact,  the  planet  discovered  was  d 
identical  with  either  of  the  two  planets  predicted. 

To  draw  such  a  conclusion  from  such  premises^  however,  betia 
a  total  misapprehension  of  the  nature  and  conditions  of  the  pzoblei 
If  the  problem  had  been  determinate,  and;  consequently,  one  whi 
admits  of  but  one  solution,  then  it  must  have  been  inferred,  eitli 
that  some  error  had  been  committed  in  the  calculations  whi 
caused  the  discordance  between  the  observed  and  computed  d 
ments,  or  that  the  discovered  planet  was  not  that  which  -was  song] 
and  which  was  the  physical  cause  of  the  observed  disturbanoes 
Uranus.  But  the  problem,  as  has  been  already  explained,  beu 
more  or  less  indeterminate^  admits  of  more  than  ono;  —  nay,  of  1 
indeiinite  number  of  different  solutions,  so  that  many  difierei 
planets  might  be  assigned  which  would  equally  produce  tlie  distort 
ances  which  had  been  observed ;  and  this  being  so,  the  discordan< 
between  the  two  sets  of  predicted  elements,  and  between  both  1 
them  and  the  actual  elements,  are  nothing  more  than  might  hai 
been  anticipated,  and  which,  except  by  a  chance  against  which  th 
probabilities  were  millions  to  one,  were,  in  fact,  inevitable. 

So  far  as  depended  on  reasoning,  the  prediction  was  verified  j  £ 
far  as  depended  on  chance,  it  failed.  Two  planets  were  assignee 
both  of  which  lay  within  the  limits  which  fulfilled  the  conditioi: 
of  the  problem.  Both,  however,  differed  from  the  true  planet  i 
particulars  which  did  not  affect  the  conditions  of  the  problen 
All  three  were  circumscribed  within  those  limits,  and  subject  t 
such  conditions  as  would  make  them  produce  those  deviations  c 
disturbances  which  were  observed  in  the  motions  of  Uranus,  an( 
which  formed  the  immediate  subject  of  the  problem. 

483.  Comparison  of  tbe  effects  of  tbe  real  and  predictor 
planets.  —  It  may  be  satisfactory  to  render  this  still  more  cleai 
by  exhibiting  in  immediate  juxtaposition  the  motions  of  th 
hypothetical  planets  of  MM.  Le  Verrier  and  Adams  and  the  plane 
actually  discovered,  so  as  to  make  it  apparent  that  any  one  of  th 
three  under  the  supposed  conditions,  would  produce  the  observe 
disturbances.  We  have  accordingly  attempted  this  inj^.  7S 
where  the  orbits  of  Uranus,  of  Neptune,  and  of  the  planets  assigne 


THE  MAJOR  PLANETS.— NEFTUNE.  283 

by  MM.  Le  Verrier  and  Adami  toe  Uid  down,  with  the  ptMitionB 
of  the  planets  rcBpectivelj  in  them  for  eveiy  fifth  jwx,  from  1 800 


to  184s  incluaively.  This  plnn  is,  of  conrso,  ozJy  roughly  made ; 
but  it  is  sufficiently  exact  for  the  purpoaeg  of  the  present  illuatrntioii. 
The  places  of  Uranus  are  marked  by  Q,  those  of  Neptune  by  0, 
those  of  M.  Le  Verriei^B  planet  by  0,  and  those  of  Mr,  Adams's' 
planet  by  0. 

It  will  be  obseTTsd  that  the  distances  of  the  two  planet*  asNgned 
by  MM.  Le  Verrier  and  Adams,  as  lajd  down  in  the  diagram, 
differ  less  from  the  distance  of  the  planet  Neptune  than  the  mean 
distances  given  in  their  elements  diifer  from  the  mean  distance  of 
Neptune.  This  is  explained  by  the  eccentricities  of  the  orbil^ 
which,  in  the  elements  of  both  astronomers,  are  considerable,  being 
nearly  an  eighth  in  one  and  a  ninth  in  the  other,  and  by  l^e  posi- 
tions of  the  supposed  planets  in  their  respective  orbits. 

If  the  masses  of  the  three  planets  were  equal,  it  is  clear  that 
the  attraction  with  which  Le  Verrier's  planet  would  act  upon 
tlranuB,  would  be  less  than  that  of  the  tnie  planet,  and  that  of 
Adams's  planet  still  more  so,  each  being  lesa  in  the  aama  ratio  as 
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the  eqiure  of  its  distaDce  from  Utshiu  U  greater  than  dut 
Neptune.  But  if  the  planets  are  ho  adjustad  tlmt  what  ia  loet  I 
distance  is  gained  by  the  greater  masses,  this  will  be  equalised, » 
the  Buppoaed  planet  will  exert  tbe  same  distorbiniif  force  aa  t 
actual  planet,  bo  far  as  relates  to  the  effects  of  variation  of  distani 
It  is  true  liwt,  throughout  the  arcs  of  the  orbita  over  wMdi  i 
obseirattonB  extend,  the  distances  of  the  three  plttneta  in  riranlt 
neoDB  positions  are  not  everywhere  in  exactly  tke  same  tatio,  wb 
their  maases  must  necessarily  be  so ;  and,  therefore,  the  relali 
masses,  which  would  produce  perfect  compensation  in  one  positii 
would  not  do  BO  in  others.  This  cause  of  discrepancy  -would  open 
however,  imder  the  actual  conditiona  of  the  problemt,  in  a  deg 
altogether  iuconsiderable,  if  not  insensible. 

But  another  cause  of  difference  in  the  distarbing  action  of  I 
real  and  supposed  planets  would  aiiae  from  the  fact  that  the  dir 
tions  of  the  disturbing  forces  of  all  the  three  planets  are  diffioe 
as  will  be  ^parent  on  inspecting  the  flgiue,  in  which  the  deg 
of  divergence  of  these  forces  at  each  position  of  the  planets  ia 
dicated  {  hat  it  will  be  also  apparent  that  this  divergence  is  bo  ti 
inconNderable  that  its  effect  must  beq^uite  insensible  in  all  positi< 
in  which  Uranus  can  be  seriously  affected.  Thus,  from  1 800 
1815,  the  diveigence  is  very  small.  It  increases  from  1815 
iijS;  but  it  is  precisely  here,  near  the  epoch  of  heliocentric  c( 
junction,  which  txik  place  in  l8zz,  that  eU  the  three  planets  cei 
to  have  any  direct  effect  in  accelerating  the  motion  of  Uran 
When  the  latter  planet  passes  this  point  sufficiently  to  be  seosil 
retarded  by  the  disturbing  action,  as  is  the  case  after  183;,  t 
dive^ence  again  becomes  incocaiderable. 

Prom  these  considerationa  it  will  therefore  be  uuderatood,  tl 
the  diaturbances  of  the  motion  of  Uranus,  so  far  as  these  wi 
ascertained  by  observation,  would  be  produced  without  sensi) 
difference,  either  by  the  actual  planet  which  has  been  diacoTerc 
or  by  either  of  the  planets  assigned  by  MM.  Le  Verrier  a) 
Adams,  or  even  by  an  indefinite  number  of  others  which  mig 
be  assigned,  either  within  the  path  of  Neptune,  or  between  it  ai 
that  of  Adams's  planet,  or,  in  fine,  beyond  this  —  within  certa 
assignable  limila. 

484.  ITo  part  «f  ttie  merit  vf  tlila  dlaoorer^  aaeribab 
to  oliaiiee.  —  That  the  planets  assigned  by  MM.  Le  Verrier  ai 
Adama  are  not  identical  with  the  plsiiet  to  the  discoTeij  of  whii 
their  researchea  have  conducted  practical  observers  is,  theiefoi 
true ;  but  it  is  also  true  that^  if  thej  or  either  of  them  had  l>e< 
identical  with  it^  such  excessive  amount  of  agreement  would  ha 
been  purely  accidental,  and  not  at  all  the  result  of  the  aagaci^ 
the  mathematician.    All  that  human  sagaci^  could  do  with  tl 
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data  presented  hy  obaerration  was  dose.  Among  ^^h 

an  indefinite  autuber  of  poimble  plsnetB  capsUe  ^^K 

of  piwducing  the  diBturbing  action,  two  were  *»-  HH 

signed,  both  of  vhich  were,  for  all  the  purposes  1^0 

of  tlie  inquiry,  so  nearij  coinddeut  with  the  ^^B 

real  planet  as  ineritablj  and  immediatelj  to  lead  ^^H 

to  its  discover;.  ^^H 

485.  Period.  —  After  a  complete  revolution  ^^| 

of  the  earth,  Neptune  is  found  to  adTance  in  ita  ^^^ 

course  no  more  then  2°'l87,  and  conaequentlyits  ^^H 

period  is  i64'59i  yeara.  ^^^ 

456.  Slnanoe  IMu  tlw  siui. — The  mean  ^^M 
distance  of  Neptune  from  the  sun  is  30'ci339,  ^^H 
assuming  the  diBtance  of  the  earth  &om  the  sun  ^^| 

457.  SelMlTe  orbits  and  Olatuioaa  of  ^^| 
Keptnna  and  Uie  vartb. — It  appears  then  that  ^^H 
the  system  possegsea  another  member  still  more  ^^H 
remote  from  the  common  centre  of  light,  heat,  ^^H 
and  attraction,  la^.  79  tlie  earth's  orbit  is  re-  ^^H 
presented  at  £B"' ;  end  a  part  of  that  of  Neptune,  ^^| 
on  the  same  scale,  is  represented  at  v.  The  ^^| 
actual  distance  of  N  from  a  is  rather  more  than  ^^H 
thirty  timea  that  of  E  izo/m  s.  The  mean  dia-  ^^H 
tance  of  Neptune  from  the  aim  is,  therefore,  about  ^^H 
2,853,000,000  miles.  ^^1 

488.  Apparent  Mtd  r«al  dlamater. — The  ^^H 
apparent  diameter  of  the  planet,  seen  when  in  ^^H 
oppoaiticn,  is  about  2"-8.  Its  diatance  from  the  ^^| 
earth  being,  then,  27  5$  millions  of  miles,  and  the  ^^| 
linear  Talue  of  i"at  this  distance  being  13,3^7  ^^| 
miles,  the  actual  diameter  of  the  planet  will  be  ^^| 
37,400  miles.  ^^H 

The   diameter  of  the  planet  Is,  tiierefore,  a  ^^| 

little  greater  than   that  of  Uranus,  about   half  ^^| 

that  of  Saturn,  and  about  four  and  a  half  times  ^^| 

that  of  the  earth.  ^^| 

According  to  Mr.  Hind,  the  apparent  diameter  ^^| 

is  only  z"'6,  a  value  which,  be  says,  is  deduced  ^^| 

jrom  careful  measurementa  made  with  some  of  ^^H 

the  most  powerful  European   telescopes.     This  ^^| 

value  would  make  the  diameter  of  Neptune  about  ^^H 

the  same  as  that  of  Uranus.  ^^H 

489.  Batvlllta  of  WoptiuB. — A  satellite  of  ^^^ 
thia  planet  was   discovered  by  Mr.  Lassell   in  Fi 
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October^  1 846^  and  was  afterwards  observed  bj  other  aatrononu 
both  in  Europe  and  the  United  States.  The  first  obserratio 
.  I  then  made  raised  some  suspicions  as  to  the  preeence  of  anotli 

satellite^as  well  as  of  a  ring  analogous  to  that  of  Satum.  No 
^  withstanding  the  numerous  observers;  and  the  po^irerful  injBtrumeii 

which  have  been  directed  to  the  planet  since  the  date  of  the 
observatioos,  nothing  has  been  detected  which  has  had  any  te: 
dencj  to  ccaifirm  these  suspicions. 

The  existence  of  the  satellite  first  seen  by  Mr.  TianBQll  has,  ho^ 
ever;  not  only  been  fully  established^  but  its  motion^  and  tl 
elements  of  its  orbit;  have  been  ascertained,  first  by  the  obe^v 
tions  of  M.  Otto  Struve  in  September  and  December,  1 847,  ai 
later  and  more  fully  by  those  of  his  late  relative  M.  Augoste  Stru^ 
in  1848-9. 

From  these  observations  it  appears  that  the  distance  of  ti 
satellite  from  the  planet  at  its  greatest  elongation  subtends  i 
angle  of  1 8'^  at  the  earth }  and  since  the  diameter  of  the  planet  sul 
tends  an  angle  of  2'^'8  at  the  same  distance,  it  follows,  therefoi 
that  the  distance  of  the  satellite  from  the  centre  of  the  planet 
equal  to  thirteen  semi-diameters  of  the  latter. 

The  mean  daily  angular  motion  of  the  satellite  round  the  cent 
of  the  planet  is,  according  to  the  observations  of  Mr.  Lassell,  mac 
at  Malta,  6i°'o866,  and  consequently  the  period  of  the  satellite ; 
5*8769  days,  or  5*  21**  2"7,  a  result  which  is  subject  to  an  em 
not  exceeding  5  minutes. 

If  the  semi-diameter  of  Neptune  be  1 8,700  miles,  the  actm 
distance  of  the  satellite  from  ^e  surface  of  the  planet  is  224,40 
miles,  being  a  little  less  than  the  distance  of  the  moon  fix>m  th 
earth's  centre. 

490.  Mass  and  density. — This  discovery  of  a  satellite  ha 
supplied  the  means  of  determining  the  mass,  and  therefore  th< 
density,  of  the  planet.  Professor  Pierce,  calculating  by  the  prin 
ciples  already  explained,  has  found  that  the  mass  of  Neptune  is  th( 
18,780th  part  of  the  mass  of  the  sun;  and  since  its  diameter  i 
about  the  23^rd,  and  its  volume  the  1 3,000th,  part  of  that  of  th( 
sun,  its  density  will  be  about  two-thirds  that  of  the  sun,  and  aboui 
the  sixth  part  of  the  density  of  the  earth. 

Other  estimates  make  the  mass  different.  According  to  Professoi 
Bond  it  is  the  1 9,400th,  and  according  to  Mr.  Hind,  from  a  discus- 
sion of  Mr.  Lassell's  observations  made  at  Malta,  the  17,500th, 
while  M«  Struve  makes  it  the  14,446th  part  of  the  mass  of  the  sun. 

491.  Apparent  magrnitude  of  tbe  sun  at  XTeptime. — The 
apparent  diameter  of  the  sun,  as  seen  from  Neptune,  being  30 
times  less  thaa  from  the  earth,  is  about  60^' ;  the  sun,  thereforej 
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appears  of  the  same  magnitude  as  Venos  seen  a^  a  morning  or 
evening  star. 
The  relative  apparent  magnitudes  are  exhibited  in^.  80^  at  £ 

and  N. 


Fig.  80. 

It  would,  however,  be  a  great  mistake  to  infer  that  the  light  of 
the  sun  at  Neptune  approaches  in  any  degree  to  the  faintness  of 
that  of  Venus  at  the  eartli.  If  Yenus^  when  that  planet  appears 
as  a  morning  or  evening  star,  with  the  apparent  diaineter  of  60^^, 
had  a  full  disk  (instead  of  one  halved  or  nearly  so,  like  the  moon 
at  the  quarters),  and  if  the  actual  intensity  of  light  on  its  surface 
were  equal  to  tihat  on  the  surfiace  of  the  sun,  the  light  of  the  planet 
would  be  exactly  that  of  the  sun  at  Neptune.  But  the  intensity 
of  the  light  which  falls  on  Venus  is  less  than  the  intensity  of  the 
light  on  the  sun's  surfeu^e,  in  the  ratio  of  the  square  of  Venus'  dis- 
tance to  that  of  the  sun's  semi-diameter,  upon  ike  supposition  that 
the  light  is  propagated  according  to  the  same  law  as  if  it  issued 
from  the  sun's  centre ;  that  is,  as  the  square  of  37  millions  to  the 
square  of  half  a  million  nearly,  or  as  37^  :  ^,  that  is,  as  5476  to  i. 
If,  therefore,  the  surface  of  Venus  reflected  (which  it  does  not)  all 
the  light  incident  upon  it,  its  apparent  light  at  the  earth  (consider- 
ing that  little  more  than  half  its  illuminated  surface  is  seen)  is 
about  1 1,000  times  less  than  the  light  of  the  sun  at  Neptune. 

Small,  therefore,  as  is  the  apparent  magnitude  of  the  sun  at 
Neptune,  the  intensity  of  its  daylight  is  probably  not  less  than 
that  which  would  be  produced  by  about  20,000  stars  shining  at 
once  in  the  firmament,  each  being  equal  in  splendour  to  Venus  when 
that  planet  is  brightest. 

In  addition  to  these  considerations,  it  must  not  be  forgotten  that 
aU  such  estimates  of  the  comparative  efficiency  of  the  illuminating 
and  heating  power  of  the  sun  is  based  upon  the  suppodtiooL  -VS^^ssi^ 
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bit  light  u  received  under  like  phyacal  ccmditione ;  Bnd  dut  mi 
coQceivable  modificBtioDB  in  tiie  phyBical  Btste  of  the,  bodj 
medium,  on  or  into  which  the  light  falls,  and  in  tiut  stmctme 
the  Tisual  orgnna  which  it  afiecta,  taaj  render  light  of  an  extiemi 
feeble  inteuiity  u  efficient  at  much  Btoongei  light  is  found  to 
under  other  conditionB. 

49Z.  ■n>p«atoa  rise  of  Heptnne.  —  UeBBis,  Laaaell  a 
Cbsllia  hsTe  at  timea  imagined  that  indicatiana  of  some  such  1 
pendage  as  a  ring,  seen  nesrl j  edgewise,  were  penMptible  iipon  1 
disk  irf  Neptune.  These  conjectures  have  not  jet  receiTed  ■ 
contirmatiou.  'When  the  declination  of  the  planeit  will  have 
far  increased  as  to  present  the  ring,  if  such  en  appendage  be  res 
attached  to  tite  planet,  at  a  lees  oblique  angle  to  the  -visual  r 
the  question  will  probably  be  decided. 


CHAPTER  XVH. 

BCLIrSBB,  TBAVSm,  AMD    OCCULTATIOKB. 

4.93.  Xnterpoaltlon  of  oalaaUftl  objeota. — The  objecta  wh 
in  such  countless  numbers  are  scattered  over  the  Ornament  bei 
at  distances  and  in  positions  infinitely  various,  and  many  of  th 
being  in  motion,  so  that  the  directaoos  of  lines  drawn  &om  one 
another  are  constantly  vaiying,  it  must  occamonally  h^pen  tl 
three  will  come  into  the  same  line,  or  nearly  so.  Such  a  m 
tingency  produces  a  class  of  occasional  astronomical  phenome 
which  are  inTested  with  a  high  popular  es  well  as  a  profou 
scientific  interest.  The  rareness  with  which  some  of  them  t 
presented,  their  sudden  and,  to  the  vulgar  mas^  unezped 
appearance,  and  the  singular  phenomena  which  oft«n  attend  the 
strike  the  popular  mind  with  awe  and  terror.  To  the  astroikom 
geographer,  and  navigator,  they  subserve  important  uses,  amo 
which  the  determination  of  terrestrial  longitudes,  the  more  an 
estimation  of  the  sun's  distance  from  the  earth  (which  is  t 
standard  and  modulus  of  all  distances  in  the  celestial  apacei),  t 
discovery  of  the  mobility  of  light,  and  the  measure  of  its  velocii 
hold  foremost  places. 

When  one  of  the  extremes  of  the  series  of  the  three  bod: 
which  thus  assume  a  common  direction  is  the  sun,  the  intem 
diate  body  deprives  the  other  extreme  body,  either  wholly 
partially,  of  the  illuminalion  which  it  habitually  receives.  .  Wh 
one  of  the  ezlzemes  is  the  earth,  the  intermediate  body  intercep 
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wholly  or  partially^  the  other  extreme  body  from  the  view  of 
observers  situate  at  places  on  the  earth  which  are  in  the  common 
line  of  direction,  and  the  intermediate  body  is  seen  to  pass  across 
the  other  extreme  body  as  it  enters  upon  and  leaves  the  common 
line  of  direction.  The  phenomena  resulting  from  such  contingen- 
cies of  position  and  direction  are  yarioualy  denominated  solipsbs, 
,T£ANSiTS,  and  occtjliatioks,  according  to  the  rektiye  apparent 
magnitudes  of  the  interposing  and  obscured  bodies,  and  according 
to  the  circumstances  which  attend  them. 

494.  Ctoneral  oondittons  wblob  determine  fbe  pbenomena 
of  interpoeltton  wben  one  of  fbe  extreme  objects  is  tbe 
eartb. — K  the  interposing  and  intercepted  objects  have  disks  of 
sensible  magnitude,  the  effects  attending  their  interposition  will 
depend  on  the  magnitude  of  the  diameters 
of  their  disks  and  the  apparent  distance 
between  their  centres. 

Let  D  express  the  apparent  distance  between 
the  centres  of  the  two  disks.  Let  r  be  the 
semi-diameter  of  the  nearer,  and  r^  that  of 
the  more  distant  disk. 

495.  Condition  of  no  interposition. — 
Zlxtemal  contact. — If  B  be  greater  than 
r+r',  as  represented  at  A,  fig,  81,  the  disks 
must  be  entirely  outside  each  other,  and  con- 
sequently no  interposition  can  take  place. 
The  nearest  points  of  tbe  edges  of  the  disks 
are,  ia  this  case,  at  a  distance  equal  to  the 
difference  between  D  and  r-\'r'j  that  is,  D — 
(r-j-r').  If  D  =  r  +  r',  as  at  B,  the  disks  will 
touch  without  interposition.  This  is  called 
the  position  of  exiebnal  coittact. 

496.  Partial  interposition.  —  If  B  be  less 
than  r-\-r'^  the  nearer  disk  will  be  partially 
interposed,  as  at  c.  In  this  case,  the  greatest 
breadth  of  the  obscured  part  of  the  more  re- 
mote disk  is  (r  +  /)  —  B.  It  is  evident  that 
the  less  the  distance  B  is,  the  greater  will  be  this  breadth,  and 
the  greater  the  part  obscured. 

497.  Internal  contact  of  interposing  disk. — If  the  interpos- 
ing disk  be  less  than  the  more  distant,  it  will  reduce  the  latter 
to  a  crescent,  the  points  of  the  horns  of  which  meet,  as  represented 
at  B,  when  B=r  — r',  that  is,  when  the  distance  between  the 
centres  is  equal  to  the  difference  of  the  apparent  semi-diameters. 

498.  Centrical  interposition  of  lesser  disk. — If  in  the  same 
case  the  centres  coincide,  as  at  £,  the  nearer  disk,  c;cs^^x\&%  ^^ 
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the  central  portion  of  the  more  dutont,  will  lesre  micon 
aionnd  it  a  regnlw  ring  or  amnilns  of  Tuible  smfiwe,  -Out  bra 
of  which  will  be  the  differetice  r— t^  of  the  semi-diameters. 

499.  Oowplet*  inurpomitioB. — If  tlie  nearer  disk  be  gn 
thta  the  more  remote,  and  the  distance  n  between  tlie  oaOut 
not  gretvter  than  r — r',  the  difference  of  tiio  Bemi-diamBfeiB, 
more  remote  dijh  will  he  completely  corered,  and  Trill  txmtinn 
until  the  centres  separate  to  a  greater  distance  than  r — r',  as  tb 
eented  at  F  and  s. 


L  SOLAB  EcLTPaBS. 

—The  case  of  the  son  and  mtxm  |om 
nil  these  Tsrioiu  appearances.  The  disks,  thongli  nearij  equal 
each  fluhject  to  a  Taristion  of  magnitude  confined  within  cei 
narrow  limits  as  has  been  already  explained ;  and,  in  consequi 
the  disk  of  the  moon  is  sometimes  a  little  greater,  and  someti 
a  little  less,  than  that  of  the  sun.  Th^  centres  move,  aa  has  1 
explained,  in  two  apparent  circles  on  the  fiimament ;  that  lA 
sun  in  the  ecliptic,  and  that  of  the  moon  in  a  drde  inclined  to 
ecliptic  at  a  small  angle  of  about  5  °.  These  circles  intersect  at 
opposite  points  of  the  firmament  cslled  the  moan's  nodes  (196). 
consequence  of  the  very  email  obliqoi^  of  the  moon's  (wfoit  Id 
ecliptic,  the  distance  between  these  paths,  even  at  aconaidenible 
tance  at  either  side  of  the  node,  ia  necessarily  small  Now,  a 
the  centres  of  the  disks  of  the  sun  and  moon  must  each  of  them ' 
once  in  each  reTolution  through  each  node,  it  will  necesei 
happen  &om  time  to  time  that  they  will  be  both  at  the  a 
moment  either  at  the  node  itself,  or  at  some  points  of  their  res] 
tiTe  paths  BO  near  it,  that  their  (^parent  distance  asunder  wil 
less  than  the  sum  of  their  apparent  semi-diameters,  and  either  t 
or  partial  interposition  must  take  place,  according  to  the  relai 
magnitudes  of  their  disks,  and  to  ^e  distance  between  the  poi 
of  their  respective  paths  at  which  their  centres  are  mmnltaneoi 

501.  VBTtlBlaolBreoIlpaa. — Iftheapparentdistauce  sbetw 
their  centres  belesa  than  the  eum(r+j'),  but  greater  than  thei 
ference  (r—r')  of  their  apparent  semi-diMnetois,  a  partial  interp. 
tion  will  take  place  (496).  The  greatest  breadth  of  the  obscti 
parts  of  the  solar  disk  will  in  this  case  be  equal  to  the  dif^e 
between  the  sum  of  the  apparent  semi-diameters,  and  the  dial& 
between  the  centres  of  the  two  diaks,  that  ia,  (r+r')  —  n, 

502.  Magnltads  or  eellpaea  expreMsd  by  U|lta. — If 
tqiparent  diameter  of  the  obscured  oliigect  be  supposed  to  hedivii 
into  twdve  equal  parts,  each  of  these  parts  in  lefeience  to  edij 
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is  called  a  digit,  and  the  magnitude  of  an  eclipse  is  expressed  by 
the  number  of  digits  contained  in  the  greatest  breadth  of  the  ob- 
scured part  of  the  disk. 

503.  T«tal  solar  eollpve. — To  produce  a  total  solar  eclipse,  it 
is  necessary,  ist,  that  the  apparent  diameter  of  the  moon  should 
be  equal  to  or  greater  than  that  of  the  sun,  and,  2dly,  that  the  ap- 
parent places  of  their  centres  should  approach  each  other  within  a 
distance  not  greater  than  r«/,  the  difference  of  their  apparent 
semi-diameters.  When  these  conditions  are  fulfilled,  and  so  long^ 
as  they  continue  to  be  fulfilled,  the  eclipse  will  be  total  (499). 

The  greatest  value  of  the  apparent  semi-diameter  of  the  moon,  r, 
being  1 006^^,  and  the  least  value  c^  that  of  the  son,  r',  being  946'', 
we  shall  have  r^-^r^^^  60''. 

The  greatest  possible  duration,  therefore,,  of  a  total  solar  eclipse 
will  be  the  time  necessary  for  the  centre  of  the  moon  to  gain  upon 
that  of  the  sun  60'^  x  2  =  1 2c/^.  But  since  the  mean  synodic 
motion  of  the  moon  is  at  the  rate  of  30^  per  minute,  it  follows 
that  the  duration  of  a  total  solar  eclipse  can  never  exceed  four 
minutes. 

504.  AMwlar  •eltpses. — When  the  apparent  diameter  of  the 
moon  is  less  than  that  of  the  sun,  its  disk  will  not  cover  that  of 
the  Sim,  even  when  concentrical  with  it.  In  this  case,  a  ring  of 
light  would  be  apparent  round  the  dark  disk  of  the  moon,  the 
breadth  of  which  would  be  equal  to  the  difference  of  the  apparent 
semi-diameters,  as  represented  at  e,  fig,  81.  When  the  di^  are 
not  absolutely  concen^cal,  the  distance  betweoi  their  centres  being, 
however,  less  than  the  difference  of  their  apparent  semi-diameters, 
the  dark  disk  of  the  moon  will  still  be  witliin  that  of  the  sun,  and 
will  appear  surrounded  by  a  luminous  annulus,  but  in  this  case  the 
ring  will  vary  in  breadth,  the  thinnest  part  being  at  the  point 
nearest  to  the  moon's  centre )  and  when  lie  distance  between  the 
centres  is  reduced  to  exact  equality  with  the  difference  of  the 
apparent  semi-diameters,  the  ring  becomes  a  very  thin  crescent, 
the  points  of  the  horns  of  which  unite,  as  represented  at  D,  fig, 
81. 

The  greatest  breadth  of  the  crescent  will  be  in  this  case  equal 
to  the  difference  of  the  apparent  diameters  of  the  sun  and  moon. 

The  greatest  apparent  semi-diameter  of  the  sun  being  1 6M  8'^, 
and  the  least  apparent  semi-diameter  of  the  moon  being  14^  44'^, 
the  greatest  possible  breadth  of  the  annulus  when  the  eclipse  is 
centrical  will  be  r—r'= 94^',  which  is  about  the  20th  part  of  the 
mean  apparent  diameter  of  the  sun. 

The  greatest  interval  during  which  the  eclipse  can  continue 
annular  is  the  time  necessary  for  the  centre  of  the  moon  to  move 
synodically  over  94"  x  2=  1 88",  and,  since  the  measi  «>yanftSka  isia- 
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tion  is  at  the  rate  of  30"  per  minute,  this  inteml  wiU  be  a1 
626  minutefl. 

505.  MtOmr  BoUp>«a  e«n  enlj  oemir  At  or  nmmr  the  epari 
B«w  mo«a«<  —  This  ia  evident,  becaiue  tlie  conditioii  wl 
limits  the  appaieat  distance  between  the  ceatiea  of  the  disb 
the  Bum  of  the  apparent  Bemi-dumetere,  iuTolves  the  coiueqiu 
that  this  distance  camiot  much  exceed  30',  and  aa  tlie  difieic 
of  lougitudea  must  be  atall  less  thaa  this,  it  followa  that 
eclipse  can  onlj  take  place  within  lew  Ihan  half  a  degree  in  af 
rent  distance,  and  within  less  than  two  boun  of  the  epoch  of  ( 

506.  Sflivota  sf  parMlbtx.  —  Since  the  Tianal  directioDS  of 
centres  of  the  disks  of  the  sun  and  moon  TB17  more  or  lew  1 
the  position  of  the  obserrer  upon  the  earth's  eur&ce,  the  condit 
which  determine  the  occurrence  of  an  eclipse,  aod  if  it  oc 
those  which  det«nnine  ite  character  and  magmtuda,  aie  ite 
sarily  different  in  di£erent  parts  of  the  earth.  While  in  si 
places  none  of  the  conditions  are  fulfilled,  and  no  eclipse  ocean 
others  an  eclipse  is  witnessed  which  raries  from  <ma  plact 
another  in  its  magnitude,  and  in  eome  maj  be  total,  while  i 
partial  in  others. 

If  the  change  of  position  of  the  observer  upon  the  earth's  e 
face  affected  the  visual  directions  of  the  centres  of  the  two  di 
equally,  which  would  be  the  case  if  they  were  equally  diatant, 
nearly  so,  no  change  in  the  apparent  disbuice  between  them  wo 
be  produced,  and  in  that  ease  the  eclipee  would  have  the  ss 
appearance  exactly  to  all  observers  in  every  part  of  the  earth.  1 
the  sun  being  about  400  (dmes  more  distant  than  the  momi,  ■ 
visual  direction  of  the  centre  of  ita  disk  is  affected  by  any  difi 
encB  of  position  of  the  observers,  to  an  extent  400  tunes  less  tl 
that  of  the  moon's  centre. 

Let  B,  E,  and  u,^.  8z,  represent  sections  of  the  sun,  ear 
and  moon,  made  hy  fie  plane  which  passes  through  their  cento 
Let  a  line  P  m  s  be  drawn,  touching  the  sun  and  moon,  but  so  tl 
they  shall  lie  on  opposite  sides  of  it.  It  is  evident  that  to  an  < 
server  at  P,  the  dark  disk  of  the  moon  would  touch  that  of  the  s 
eitemally,  for  the  apparent  distance  between  the  centres  wot 
be  measured  by  the  angle  s  P  u,  nhich  is  equal  to  the  sum  s  i 
the  apparent  semi-diameter  of  the  sun,  and  a.  p  m  that  of  t 

From  the  point  a  let  lines  be  supposed  to  be  drawn,  touchi 
the  earth  at  p  and  p'.  It  is  evident  that,  to  an  observer  situs 
between  p  and  ^,  the  apparent  distance  of  the  centres  of  the  mo 
and  etm  would  be  greater  than  the  sum  of  their  apparent  sen: 
diameters,  and  they  would  therefore  be  separated  at  the  neaic 
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points  of  theb  diaks  bj  a  apiice  equal  to  th«  exceu  of  thie  distance 
nbove  the  Bum  of  tiie  ^pafent  semi-diaineten. 

Adopting  the  ugns  already  used,  let  r  ex- 
press tlie  apparent  semi-diameter  of  1^  moon, 
or  nearer  diak,  K  that  of  the  sun,  <a  more  dis- 
tant disk,  and  d  the  ^parent  distance  between  ' 
their  centies,  we  shall  have  s  greater  then 
r  +  r"  for  BTery  point  from  P  to  //,  and  the 
excess  will  increase  continnallj  from  p  to^. 

On  the  otlier  hand,  for  every  point  between 
P  and  p,  D  will  be  less  than  r+r^,  and  the  sun 
will  be  eclipsed,  the  magnitude  of  the  eclipse 
augmenting  graduallj  from  f  top. 

The  phenom^ia  varying  therefore  indefi- 
nitely wiih  the  poeitdon  of  the  observer  upon 
the  earth,  it  is  necessary,  in  order  to  render  111  .1 
their  predictiou  practicaUe,  to  select  a  fixed  1 1  \  \  | 
portion  for  'which  they  mav  be  calculated, 
formulte  being  established,  and  tables  pre- 
pared, by  which  tlie  difference  betwe^i  the 
appearances  there  and  at  any  proposed  place 
may  be  computed.  The  fixed  point  selected 
for  this  purpose  is  l^e  centre  E  of  die  earth. 

The  angular  distance  between  the  centres 
of  the  disks  of  the  sun  and  moon,  as  seen  from 
any  place,  such  as  f  for  example,  is  called 
their  i^iparenl  distance  at  that  place,  and  their 
angular  distance,  as  seen  from  the  centre  E  of 
the  earth,  is  called  their  true  distance.  Thus, 
s  F  K  is  the  apparent  distance  between  the 
centres  at  P,  and  a  K  H  is  their  true  distance. 

In  the  actual  calculations  neceesaiy  to  sup-  V  J 

ply  an  exact  prediction  of  the  beginning,  nTfo. 

middle,   the   end,   and   the   magnitude   of  a 
solai  eclipse,  many  particulars  must  be  taken  into  account,  which 
are  not  adapted  to  a  work  such  as  the  present,  but  vrhich  present 
no  other  difficulty  than  such  as  attends  elaborate  arithmetical  com- 

$07.  MMdow  prodneeA  by  «»  •pkqna  fflobn.  —  Connected 
with  the  phenomena  of  eclipses  and  transits  are  certain  properties 
of  shadows. 

When  a  luminous  body,  radiating  light  in  all  directionB  around 
it,  throYTS  these  rays  upon  an  opaque  body,  l^t  body  preveuta  a 
portion  of  the  rays  from  penetrating  into  the  space  behind  it 
That  part  of  t^e  space  from  which  tlie  light  ia  thus  exd,a&!A\i^ 
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the  interpodtion  of  tbe  opaque  hodj,  ia  called  in 
SHADOW  of  tli&t  bodj. 

The  shape,  magnitude,  and  extent,  of  the  shadow  of  an  opaqi 
body  will  depend  partly  on  die  sh^ie  and  magnitudfl  of  the  opaqi 
body  itself,  and  partly  on  that  of  the  body  bom  wliicli  the  hg. 
proceeds. 

JoS.  I'orm  «aa  dlmonsiaDa  of  tba  alutdow.  —  In  the  cae 
which  are  actually  preBSUted  in  astronomy,  the  Imninotu  boi 
being  the  aim,  and  tiie  opaque  body  a  pluwt  or  satellite,  bo 
an  globes,  and  the  fonnet  of  much  greater  dimennons  than  t 
latter.  It  is  easy  to  show  that  in  such  case  the  shadow  will  be 
cone,  projected  to  a  certain  distance  behind  theiniaque  body.  T 
length  of  this  cone,  and  the  angle  formed  at  itt  vertex,  may 
computed,  when  the  real  diameters  of  the  Eun  and  the  body  whi 
forms  the  shadow,  and  the  distance  of  the  one  from  the  other,  i 
known. 

509.  Total  and  pHrttal  Hlor  ooIlpMa  •xplMln*a  by  « 
liuutr  aliMlaw.  —  The  moon  thus  nrojects  behind  it  a  conit 
shadow,  the  dimensions  ofwhich  can  be  ascertained  by  compatadi] 
If  when  the  moon  comes  between  t^e  snn  and  the  earth,  which 
miurt  do  near  conjunction,  if  it  be  not  &x  removed  from  the  no 
of  its  orbit,  this  shadow  will  be  projected  on  a  part  of  tha  hem 
sphere  of  the  earth  which  is  turned  to  the  son,  provided  its  loigi 
be  greater  than  the  moon's  distance,  as  represented  in  ^.  83.  ] 
this  case  the  shadow  will  move  over  certain  points  of  the  snrfti 
of  the  earth  lying  around  the  point  t«  which  its  axis  is  directe 
The  light  of  ike  sun  being  altogether  intercepted  within  the  limi 
of  the  shadow,  a  total  ecUpae  will  take  place,  the  duration  of  whit 
will  he  determined  by  the  limits  and  movement  of  the  shadow  t^i 
projected,  which  is  in  efiect  the  intersection  of  the  conical  shade 
of  die  moon  and  the  earth's  Burbce. 

To  those  parta  of  the  earth  which  are  outside  the  limits  a  a*  1 
the  shadow,  but  within  those  ^^'  of  the  penumbra,  a  partial  edipi 
wiU  be  exhibited,  the  magnitude  of  which  will  be  so  much  tt 
greater  the  nearer  the  place  is  t«  the  axis  of  the  shadow.  All  anc 
parts  will  be  more  faintly  illuminated  in  proportion  to  the  extent  1 
the  Sim's  diak  which  is  obscured. 

;ia.  AwniT  oniipaea  e»pMJa»attr  >iMtaow.— If  the  lengt 
otthe  shadow  be  less  than  the  moon's  distance  horn  the  earth,  th 
vertex  not  reaching  to  the  earth,  no  part  of  the  earth's  suifiKe  ca 
be  immersed  in  the  shadow.  In  that  case,  a  centrical  ammli 
eclipse  will  be  exhibited  at  those  points  of  the  earth's  sui&ce  t 
which  the  axis  of  the  shadow  ia  diroct«d.  This  case  is  Tepiesetite 
In^.  84,  whei«  /  represents  the  vertex  of  the  moon's  shadtn 
At  ail  places  witlun  the  cdide  upon  the  earth,  of  which  ao'  Is  th 
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diameter,  theie  wiU  be  an  annular  eclipse,  and  at  the  centre  of  the 
circle  the  eclipse  will  be  centrical,  the  annulus  being  of  uniform 


s 


Fig.  83. 


Fig.  84. 


breadth:  Outside  this  circle,  so  &r  as  the  penumbra  extends,  the 
eclipse  wiU  be  partial,  its  magnitude  decreasing  as  the  distance  of 
the  place  from  the  centre  of  the  circle  increases,  until  at  the  limit  of 
the  penumbra  the  phenomenon  ceases  to  be  exhibited. 

511.  Solar  eoUptlo  Unilts. — The  moon's  orbit  beiog  inclined  to 
the  ecliptic,  at  an  angle  of  5%  and,  consequently,  the  distance  of 
the  moon's  centre  from  the  ecliptic  yaiying  in  each  month  from 
o^  to  5%  while  the  interposition  of  the  moon  between  any  place 
on  the  earth  and  the  sun,  requires  that  the  apparent  distance  of 
their  centres  should  not  exceed  the  sum  of  their  apparent  semi- 
diameters,  which  never  much  exceeds  half  a  degree,  it  is  clear 
that  an  eclipse  can  never  happen  except  when^  at  the  time  of 
conjunction,  the  apparent  distance  of  the  moon's  centre  from  the 
ecliptic  is  within  ^at  limit,  a  condition  which  can  only  be  fulfilled 
within  certain  small  distances  of  the  moon's  nodes. 

There  is  a  certain  distance  from  the  moon's  node  beyond  which 
a  solar  eclipse  is  impossible,  and  i^  certain  leaser  distance^  to^KM^ 

U4 


296  ASTRONOMY. 

which  that  phenomenon  is  mevUahle,    These  distaaees  wace  eiDed 
the  soLAB  Ecupnc  limits. 

512.  Aneanuiees  atteadliiff  total  aotar  etiipa«s« — Aiuttonl 
consequence  of  the  difiiision  of  knowledge  is,  that  wliile  it  lessens 
the  vague  sense  of  wonder  with  which  mngnlar  pjienomana  in 
nature  are  beheld,  it  increases  the  feeling  of  adxnmtioii  at  the 
harmonious  laws,  the  development  of  which  raiders  easily  inteiDigiUe 
effects  apparently  strange  and  unaccountable.  It  may  be  ima^Ded 
what  a  sense  of  astomshment,  and  even  tenor,  iiie  tempomj 
disappearance  of  an  object  like  the  sun  or  moon  must  liave  prodnoed 
in  an  age  when  the  causes  of  eclipses  were  known  only  to  Ihe 
learned.  Such  phenomena  were  regarded  as  precuisom  of  dxviiM 
vengeance.  EBstoiy  informs  us  that  in  andent  times  amiiee  have 
been  destroyed  by  the  effects  of  the  consternation  epiead  Mwmng 
them  by  the  sudden  occurrence  of  an  eclipse  of  tlie  boh.  Com- 
manders who  happened  to  possess  some  scientific  knowledge  hare 
taken  advantage  of  it  to  work  upon  the  credulity  of  those  axonnd 
them  by  menacing  them  with  prodigies,  the  near  approach  of  wlddL 
they  were  well  aware  of,  illustrating  thus,  in  a  singular  and 
perverted  manner,  the  maxim  that  knowledge  is  power.* 

The  spectacle  presented  by  a  total  eclipse  of  the  sun  is  always  most 
imposing.  The  darkness  is  sometimes  so  intense  as  to  render  the 
brighter  stars  and  planets  visible.  A  sudden  &11  of  tempemtme 
is  sensible  in  the  air.  Vegetables  and  animals  comport  themselves 
as  they  are  wont  to  do  after  simset  Flowers  dose,  and  birds  go 
to  roost  Nevertheless,  the  darkness  is  different  from  the  natural 
nocturnal  darkness,  and  is  attended  with  a  certain  indescrihahle 
unearthly  light  which  throws  upon  surrounding  objects  a  faint  huc^ 
sometimes  reddish,  and  sometimes  cadaverously  green. 

Many  interesting  narratives  have  been  publidied  by  scientific  ob- 
servers, who  have  been  so  fortunate  as  to  witness  these  phenomena. 

513.  Bally**  beads. — When  the  disk  of  the  moon,  advancing 
over  that  of  the  sim,  has  reduced  the  latter  to  a  thin  crescent^  it 
was  observed  by  Mr.  Francis  Baily,  in  the  solar  eclipses  of  1 836 
and  1 842,  that  immediatdy  before  the  beginning,  or  after  the  end 
of  complete  obscuration,  the  crescent  appeared  as  a  band  of  brilliant 
points  separated  by  dark  spaces,  so  as  to  give  to  it  the  appearance 
of  a  string  of  brilliant  '*  beads."  The  phenomenon,  wMdi  has 
since  been  frequently  re-observed,  thence  acquired  the  name  of 
Baily's  beads. 

*  Colnmbnfl  is  said  to  have  availed  himself  of  his  acquaintance  with 
practical  astronomy  to  predict  a  solar  eclipse,  and  used  the  prediction  as  a 
means  of  establishing  his  authority  over  the  crews  of  his  vessels^  who  showed 
iodications  of  mutinous  disobedience. 
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Further  oljservatioii  ahowed,  that  before  the  formation  of  the 
"beads"  the  homBof  the  crescent  were  somelinie!)  mteiniQt«d.Bs>& 
te^cn  hj  Uock  sOeaks  thrown  acnna  fhem. 
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Theee  pKenomenft  are  Tooghlj  sketched  iafig*.  85  mod  86. 

Figi.  87  to  90  are  taken  from  the  original  sketcbes  of  Hi.  Bailj, 
reprewntuig  Uie  pn^iTeaaiTe  dlBappearaiice  of  Qu  bawls  after  the 
termination  of  tho  complete  obaciuatioii. 

514.  Vrodvcwa «j iBBarnvuvtabw prejeewd  «Btb«««A 


yii.«7. 


ng.gt 


Fl«.»9. 


Fif.y,. 


dlak. — These  phenomana  arise  finm  the  ^xgsdian  of  the  edge  cf 
the  moon's  disk,  senated  by  nnmennu  inequalities  of  the  sorbce, 
approaching  so  close  to  the  esrtemal  edge  of  the  son's  disk,  that  the 

points  of  tiie  prqjectioiiB  extend  to  the  latter,  while  the  inter- 
mediate spaces  remain  nncovered.  This  may  be  veiy  ^iproprt- 
atelj  illustrated  by  laying  the  blade  of  a  circular  saw,  baring  finely 
cut  teeth,  OTOr  a  white  circle  of  nearly  equal  diameter  upon  >  bl&ck 
ground.  The  white  parts  between  the  teetli  will  a^ipeai  like  a 
necklace  of  white  pearls. 
The  Uct,  that  in  some  cases  tbe  beads  have  not  been  seen,  <n  if 


n^ 
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B^en,  appeared  in  a  less  oonspiciioiis  manner,  may  be  explained  by 
the  greater  or  less  prevalence  of  mountainous  maases,  on  that  part 
of  the  moon's  surfkce  which  forms  the  edge  of  its  didk  at  different 
times. 

The  beads,  in  general,  disappear  suddenly,  at  the  moment  of  the 
commencement  of  total  obscuration,  and  reappear  on  the  other  side 
of  the  lunar  disk,  with  a  somewhat  startling,  instantaneous  effect, 
at  the  momextt  the  total  obscuration  ceases. 

515.  name-like  protaberanoesa — ^Immediately  after  the  com- 
mencement of  the  total  obscuration,  red  protuberances,  resembling 
flames,  appear  to  issue  from  the  edge  of  the  moon's  disk.  These 
appearances,  which  were  first  noticed  by  Yassenius,  on  the  occasion 
ofthe  total  solar  eclipse  which  was  visible  at  Gottenberg  on  the  3rd 
of  May,  1733,  have  been  re-observed  on  the  occurrence  of  every  total 
solar  eclipse  which  has  taken  place  since  that  time,  and  constitute 
one  of  the  most  curious  and  izneresting  effects  attendiQg  this  class 
of  phenomena. 

516.  Selar  eeupee  of  18S1. — A  total  eclipse  of  the  sun  took 
place  on  the  28th  of  July,  1 85 1,  which  became  a  subject  of  system- 
atic observation  by  the  most  eminent  astronomers  of  the  present 
day.  A  considerable  number  of  English  observers,  aided  by  several 
foreigners,  distributed  themselves  in  parties  at  different  poiats  along 
the  path  of  the  shadow,  so  that  the  chances  of  the  impediments 
that  might  arise  horn  xmfiavourable  conditions  of  the  atmosphere 
might  be  diminished.  The  reports  and  drawings  of  these  various 
observers  have  been  presented  to  the  Royal  Astronomical  Society, 
and  published  in  their  I^anaadions,  A  detailed  description  of  the 
phenomena  observed  on  this  occasion,  together  with  a  few  of  those 
witnessed  during  the  recent  solar  eclipse  of  the  i8th  of  July, 
1 860,  will  give  to  the  reader  a  sufficient  illustration  of  the  nu- 
merous peculiarities  which  are  only  visible  when  the  sun  is  totally 
eclipsed.  It  is  not  necessary,  therefore,  to  enter  into  any  detail 
respecting  observations  of  preceding  eclipses. 

The  Astronomer  Royal,  with  two  assistants,  Messrs.  Dunkin  and 
Humphreys^  authorised  by  the  Board  of  Admiralty,  selected  certain 
parts  of  Norway  and  Sweden  as  the  most  eligible  stations.  Pro- 
fessor Aiiy  observed  at  GK)ttenberg,  Sweden,  Mr.  Dunkin  at 
Christiania,  Norway,  and  Mr.  Humphreys  at  Christianstadt,  in  the 
south  of  Sweden. 

517.  Obeenratieiie  ef  tlie  Astronomer  Bo  jaL — The  weather 
on  the  whole  proved  favourable  at  Gottenberg.  We  take  from  the 
report  of  the  Astronomer  Royal  the  following  highly  interesting 
particulars  of  the  progress  of  l^e  phenomenon. 

<*  The  approadi  of  the  totality  was  accompanied  with  that  indescribably 
mysterious  and  gloomy  appearance  of  the  whole  sarroandin^  -^xw^mX^^cis^ 
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I  have  seen  on  a  fonner  occasion.  A  patch  of  clear  bine  sky  in  the  zenith 
became  purple-black  while  I  was  gazing  at  it  I  took  off  the  higher  power, 
with  which  I  had  scrutinised '  the  sun,  and  put  on  the  lowest  power 
(magnifying  about  34  times).  With  this  I  saw  the  mountains  of  the  moon 
perfectly  well.  I  watched  carefully  the  approach  of  the  moon's  limb  to  the 
sun's  limb,  which  my  graduated  dark  glass  enabled  me  to  see  in  great 
perfection ;  I  saw  both  limbs  perfectly  well  defined  to  the  last,  and  saw  the 
I^e  becoming  narrower  and  the  cusps  becoming  sharper  without  any  dis- 
tortion or  prolongation  of  the  limbs.  I  saw  the  moon's  serrated  limb  advance 
np  to  the  sun's,  and  the  light  of  the  sun  glimmering  through  the  hollows 
between  the  mountain  peaks,  and  saw  these  glimmering  spots  extinguished 
one  after  another  in  extremely  rapid  succession,  but  without  any  of  thd 
appearances  which  Mr.  Baily  has  described.  I  saw  the  sun  covered,  and 
immediately  slipping  off  the  dark  glass,  hutantly  saw  the  appearances  re- 
presented at  a  5  c  d,Jig.  i.  PI.  XXII. 

**  Before  alluding  more  minutely  to  these,  I  must  advert  to  the  darkness. 
I  have  no  means  of  ascertaining  whether  the  darkness  really  was  greater  in  the 
eclipse  of  1842 ;  I  am  inclined  to  think  that  in  the  wonderful,  and  I  may  say 
appalling,  obscurity,  I  saw  the  grey  granite  hills  within  sight  of  Hvalasmore 
distinctly  than  the  darker  country  surrounding  the  Superga,  near  Turin.  But 
whether  because  in  1851  the  sky  was  much  less  clouded  than  in  1842  (so  that 
•the  transition  was  from  a  more  luminous  state  of  sky  to  a  darkness  nearly 
equal  in  both  cases),  or  from  whatever  cause,  the  suddenness  of  the  darkness 
in  1851  appeared  to  me  much  more  striking  than  in  1842.  My  friends  who 
were  on  the  upper  rock,  to  which  the  path  was  very  good,  had  great  difficulty 
in  descending.  A  candle  had  been  lighted  in  a  lantern  about  a  quarter  of  an 
hour  before  the  totality ;  Mr.  Hasselgren  was  unable  to  read  the  minutes  of  the 
ehronometcF-face  without  having  the  lantern  held  close  to  the  chronometer. 

''The  corona  was  far  broader  than  that  which  I  saw  in  1842;  roughly 
speaking,  its  breadth  was  little  less  than  the  moon's  diameter ;  but  its  out- 
line was  very  irregular.  I  did  not  remark  any  beams  projecting  from  it 
which  deserved  notice  as  much  more  conspicuous  than  the  others ;  but  the 
whole  was  beamy,  radiated  in  structure,  and  terminated  (though  very  in- 
definitely) in  a  way  which  reminded  me  of  the  ornament  frequently  placed 
round  a  mariner's  compass.  Its  colour  was  white,  or  resembling  that  of 
Venus,  I  saw  no  flickering  or  unsteadiness  of  light.  It  was  not  separated 
from  the  moon  by  any  dark  ring,  nor  had  it  any  annular  structure ;  it  looked 
like  a  radiating  luminous  cloud  behind  the  moon. 

**  The  form  of  the  prominences  was  most  remarkable.  That  which  I  have 
marked  (a)  reminded  me  of  a  bomerang.  Its  colour  for  at  least  two-thirds 
of  its  breadth,  from  the  convexity  towards  the  concavity,  was  full  lake-red,, 
the  remainder  was  nearly  white.  The  most  brilliant  part  of  it  was  the  swell 
farthest  from  the  moon's  limb ;  this  was  distinctly  seen  by  my  friends  and 
myself  with  the  naked  eye.  I  did  not  measure  its  height;  but  judging 
generally  by  its  proportion  to  the  moon's  diameter,  it  must  have  been  3'. 
This  estimation  perhaps  belongs  to  a  later  period  of  the  eclipse.  The  pro- 
minence (6)  was  a  pale  white  semicircle  based  on  the  moon's  limb.  That 
xnarked  (c)  was  a  red  detached  cloud,  or  balloon,  of  nearly  circular  form, 
separated  from  the  moon's  limb  by  a  space  (differing  in  no  way  from  the 
rest  of  the  corona)  of  nearly  its  own  breadth.  That  marked  (d)  was  a 
small  triangular  or  conical  red  mountain,  perhaps  a  little  white  in  the 
interior.  These  were  the  appearances  seen  instantly  after  the  formation 
of  the  totality. 
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"  I  employed  m3r8elf  in  an  attempt  to  delineate  ronghly  the  appearances  on 
the  western  limb,  and  I  took  a  haaty  view  of  the  conntiy ;  and  I  then  ex- 
amined the  moon  a  second  time.  I  bdieve  (bat  I  did  not  careftilly  remark) 
that  the  prominences  ab  c  had  increased  in  height ;  bat  (d)  had  now  dis- 
appeared, and  a  new  one  (e)  had  risen  np.  It  was  imposdble  to  see  this 
change  without  feeling  the  conyiction  that  the  prominences  belonged  to  the 
son  and  not  to  the  moon. 

**  I  again  looked  roand,  when  I  saw  a  scene  of  nnexpected  beanty.  The 
soathem  part  of  the  sky,  as  I  have  said,  was  covered  with  aniform  white 
cloud;  but  in  the  northern  part  were  detached  clouds  upon  a  ground  of 
clear  sky.  This  clear  sky  was  now  strongly  illuminated,  to  the  height  of  yP 
or  3  5^,  and  through  ahnost  90°  of  azimuth,  with  rosy  red  light  shining  through 
the  intervals  between  the  clouds.  I  went  to  the  telescope,  with  the  hope 
that  I  might  be  able  to  make  the  polarization-observations,  (which,  as  my 
apparatus  was  ready  to  my  grasp,  might  have  been  done  in  three  or  fi>ur 
seconds),  when  I  saw  that  the  sierrOf  or  rugged  line  of  projections,  shown  at 
(/),  had  arisen.  This  sierra  was  more  brilliant  than  the  other  prominences, 
and  its  colour  was  nearly  scarlet.  The  other  prominences  had  perhaps 
increased  in  height,  but  no  additional  new  ones  had  arisen.  The  appearance 
of  this  sierrof  nearly  in  the  place  where  I  expected  the  appearance  of  the 
sun,  warned  me  that  I  ought  not  now  to  attempt  any  other  physical  observa- 
tion. In  a  short  time  the  white  sun  burst  forth,  and  the  corona  and  every 
prominence  vanished. 

**  I  withdrew  from  the  telescope  and  looked  roond.  The  country  seemed, 
though  rapidly,  yet  half  unwillingly,  to  be  recovering  its  usual  cheerfulness. 
My  eye,  however,  was  caught  by  a  duskiness  in  the  south-east,  and  I  im- 
mediately perceived  that  it  was  the  eclipse-shadow  in  the  air  travelling  away 
in  the  direction  of  the  shadow's  path.  For  at  least  six  seconds  this  shadow 
remained  in  sight,  far  more  conspicuous  to  the  eye  than  I  had  anticipated." 

518.  Observations  of  Mr.  Dmikiii  at  Cbrtotlaiila,  Vorwaj* 
and  of  Mr.  Bnmpbresrs  at  Cliiistlanstadt,  Sweden.  — Owing 
to  the  unfavourable  state  of  the  atmosphere^  the  observations  of 
the  other  members  of  the  Admiralty  party  were  not  so  satisfac- 
tory as  those  of  its  chief.  Nevertheless,  both  observers  saw  the  red 
prominences^  though  imperfectly,  as  compared  with  the  results  of 
the  observations  of  the  Astronomer  Itoyal.  Baily's  beads  were  seen 
by  Mr.  Dunkin,  as  well  before  as  aft;er  the  total  obscuration.  That 
observer  states  that — 

**  About  15  seconds  before  the  beginning  of  total  darkness,  the  narrow  line 
of  the  sun  broke  up  into  numerous  small  particles  or  beads  of  light  They 
were  of  different  sizes,  some  being  merely  points,  while  others  appeared 
elongated ;  their  appearance  was  of  intense  brilliancy,  and  the  only  thing 
with  which  I  can  compare  it,  is  a  necklace  of  diamonds.  The  effect  on  the 
mind  at  their  formation  was  quite  overpowering.  I  was  unprepared  for  so 
magnificent  a  sight. 

**  At  the  re-appearance  of  the  sun,  the  same  general  appearance  of  the 
phenomenon  of  Baily's  beads  was  exhibited,  but  the  effect  on  the  imagina- 
tion was  not  so  striking,  though  the  brilliancy  of  the  beads  seemed  equal  to 
those  noticed  at  the  commencement  of  the  totality. 
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»  Three  raAprotnbcniicM  vera  nm;  the  Ant  waa  at  MB  n^  «r4f 
the  Ttrtex.  on  the  vetleni  limb  of  ibe  moon,  the  aecoad  at  I^,  ml 
thiid  et  iii3°.  The  lut-mealimwd  «u  meit  coiloiulr  ftiai^  hi 
■omethlDg  of  a  homed  ahape,  carred  in  the  diiectloa  i£  tb»  itrmr  Umb  i 
moon.  lu  height  wu  abaat  i'  30^,  and  lu  brenlth  at  tha  bug,  yf. 
)ironinienee  «u  most  rernatkible  froni  jti  curved  ■»  booked  mpftunaa 
during  the  iuterral  in  vhJch  I  vilnnaed  it,  no  chjuiga  took  plan  i 
form.  lU  coloor  wm  pink,  or  row,  bnt  the  ibadc  WM  not  *wy  imp. 
other  two  prominence*  were  almilar  to  each  other  in  aiae^  tbeir  hdghtl 
Kboat  40",  and  their  breadth  at  the  baae,  3a".  eadi  tapering  to  a  peiat  1 
■pes ;  then  prooiiuencea,  like  the  preceding,  nmained  at  the  lanke  Ik 
daring  the  laat  minnte  of  total  dukneu.  On  the  appeai^Dca  at  tki 
direct  ray  of  light  IVom  the  eolar  disk,  the  protabenoeaa  beeaiD*  tor 
no  tntce  of  them  being  peieeiired  after  the  fonnation  of  tha  baada  M  tl 


With  legarA  to  the  general  daikneas  at  tiie  tame  of  totalis 

Thmlrin  TuTimrVB — 

•■  The  darinieaa  iraa  Dot  ezactlf  rimilai'  to  that  rf  nigbt.  th*  onlli 
monotaina  at  a  diatanee  of  at  least  fifteen  milea  being  talnUy  riaibi) 
yet  I  tbondit  difficult  to  read  the  title-page  of  a  book  (en  or  tweln  : 
from  the  eye.  Inunediately  below  me  was  the  Fiord,  dotted  with  ita  ddb 
ishuida.  Over  thia  mtztnie  of  land  and  water  tlie  effect  of  the  daifcna 
very  peenUar,  the  water  having  the  colour  of  deep  purple^  and  the  UU 
dusky  yellow.  From  my  poaition,  every  part  of  the  vinble  a^  waa  ct 
with  cloud,  but  the  denaity  in  diSiereat  parte  wai  unequal  j  thIa  ha 
effect  of  making  aome  poitiona  of  the  hearou  terribly  black,  while  1 
were  comparatively  bright.  The  effect  of  thia  great  contraat  was  not  1 
forgotten." 

At  Chiis&ujstadt,  the  plimets  Venns,  Jlercmj',  and  Jnj 
and  the  atars  Arcturus,  and  Vega,  were  visible  during  the  tot 
of  the  eclipse. 

519.  Obaarrattonaof  Mr.  OrBy,  U  Tnae,  OMtr  SMrpab 
Worway. — Thia  gentleman  also  saw  Baily'a  beads,  both  bi 
and  after  the  total  obscuration.  He  saw  four  of  the  red  project 
three  of  which  are  represented  in^.  2.  Plate  XXII.,  the  fo 
resembling  c  and  d  in  form,  and  diametrically  opposite  to  1 
position  on  the  moon's  limb.  The  apparent  height  of  a 
estimated  at  I  J',  and  its  breadth  62",  but  the  altitude  of 
afterwanls increased  to  1}'.  There  wasadarbsbade  in  the  cuj 
portion,  which  gave  it  a  resemblance  to  a  gas  flame.  The  rem^ 
however,  was  rose-red,  not  uniform,  and  very  pale,  like  the  innen 
parts  of  the  petals  of  a  rose.  The  red  prominence  opposite  to  a 
on  apparent  altitude  of  I ',  and  a  deeper  red  colour.  The  promine; 
c  and  d  were  estimated  at  about  50"  in  size. 

During  the  totality,  the  light  seemed  like  that  of  an  evenin 
Anguat  in  latitude  $9°,  at  an  hour  and  a  half  after  aimaet. 
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VredriolMTaam*  Worway.  — Belly's  beads  were  seen  both  before 
and  after  the  total  obscuration.  The  crescent^  before  disappearing, 
was  seen  as  a  fine  thread  of  lighl^  which  broke  up  into  fragments, 
and  when  it  re-appeared,  it  gave  the  idea  of  globules  of  mercury 
rushing  amongst  each  oilier  along  the  edge  of  the  moon.  In  a 
second  or  two  after  the  disappearance  of  the  crescent,  a  rose-coloured 
flame  shot  out  from  the  limb  of  the  moon,  which  in  form  resembled 
a  sickle,  see^.  3.  It  increased  rapidly,  and  then  two  other  rose- 
coloured  prominences,  above  and  below  ii^  started  out,  differing  in 
shape,  but  evidently  of  the  same  character.  Besides  these,  there 
were,  as  well  between  them  as  elsewherei  around  the  moon's  edge, 
other  lurid  points  and  other  indistinct  lines.  The  height  of  the 
principal  prominence  was  estimated  at  about  the  twentieth  of 
the  moon's  diameter,  that  is,  about  i^^  The  chief  prominences 
looked  like  burning  volcanoes,  and  the  lurid  points  and  lines 
reminded  the  observers  of  dull  streams  of  cooling  lava. 

521.  Obsorvatlons  of  Mr.  &asMll  at  Trollliiittaii  Vails, 
Sweden. — Having  heard  the  red  prominences  seen  in  former 
total  eclipses  described  as  faint  appearances,  the  astonishment  of 
the  observer  may  be  imagined  when  he  saw  around  the  dark  disk 
of  the  moon,  after  the  commencement  of  total  obscuration,  promi- 
nences of  the  most  brilliant  lake  colour,  —  a  splendid  pink,  quite 
defined  and  hard,^.  4.  They  appeared  not  to  be  absolutely 
quiescent.  The  observer  judged  from  their  appearance  that  they 
belonged  to  the  sun,  and  not  to  the  moon. 

522.  Observations  of  Mr.  Hind  and  Mr.  Dawes  at 
XeDvelsberflTf  near  SnyeiboUny  Sweden.  —  Baily's  beads  were 
seen,  both  before  and  after  the  total  obscuration,  in  such  a  manner 
as  to  leave  no  doubt  of  their  cause  being  that  already  explained. 
In  five  seconds  after  the  commencement  of  the  total  obscuration, 
the  corona  or  glory  around  the  moon's  disk  was  seen.  Its  colour 
seemed  to  be  that  of  tarnished  silver,  brightest  next  the  moon's 
limb,  and  gradually  fading  to  a  distance  equal  to  one-third  of  her 
diameter,  where  it  became  confounded  witii  the  general  tint  of  the 
heavens.  Appearances  of  radiation  are  mentioned,  similar  to  those 
described  by  Professor  Airy :  — 

**  On  first  viewing  the  sun,"  saysHr.  Wndf  <*  withont  the  dark  glass  after 
the  commencement  of  totality,  three  rose-coloured  prominences  immediately 
caught  my  eye,  and  others  were  seen  a  f^w  seconds  later,  (Jig,  5).  The 
largest  and  most  remarkable  of  them  was  situate  about  5^  north  of  the 
parallel  of  declination,  on  the  western  limb  of  the  moon ;  it  was  straight 
through  twO'thirds  of  its  length,  but  curved  like  a  sabre  near  the  extremity, 
the  concave  edge  being  towards  the  horizon.  The  edges  were  of  a  full  rose 
pink,  the  central  parts  paler,  though  still  pink. 

**  Twenty  seconds,  or  thereabouts,  after  the  disappearance  of  the  sun,  I 
estimated  its  length  at  45"  of  arc,  and  on  attentively  watching  it  towards  the 
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tad  af  totillty,  I  mv  It  matcriilly  lengUieiMd,  (piobaUj  to  «  ),  O* 

luTiDg  ippanntly  left  more  uid  mora  o(  It  Ttmble  ma  ihs  trkvallod  loii 
gun.  It  was  alwiyi  curred,  ind  I  did  not  ranuj'k  oaf  clunga  of  toa 
the  alightut  motion  doling  the  tlm*  tbs  snn  was  hiddan.  I  aa,w  th>  ■ 
ordlnavr  prominence  /imr  uamdM  afltr  iJit  end  of  totaUiy,  but  at  thb  t 
appeared  detacbed  Ihim  the  inn'i  limb,  the  itiong  whitv  light  tf  tlttc 
InterreniDg  between  the  limb  and  the  base  of  the  pramlnencv. 

"  AboDt  vfi  uath  of  the  above  object  I  saw,  doling  the  totally,  a  dM 
triangular  spot  of  the  same  rcMe  eoloor,  nispended,  aa  it  -waa,  in  the  li( 
the  corona,  which  gradually  receded  from  the  mooa'a  daik  V'»\  i 
moved  onward^  and  was,  therefore,  cleiHy  comiectad  with  tfaa  mi 
fiinn  and  pndtion,  with  leapect  to  the  large  promineaice.  contlinHd  « 
the  lame  so  long  as  I  abserred  it.  On  the  lODtli  limb  at  the  moon  ui 
a  long  range  of  rose-colonred  flamo,  which  seemed  to  be  aflactad  i 
tremoloos  motion,  though  not  to  any  great  extent. 

"  The  bright  rose-red  of  the  tops  of  these  prcjections  gndoaUy  faded  (o 
their  base*,  uid  along  the  moon's  limb  appeared  a  bright  nanxiw  Un 
deep  violet  tint',  not  for  iiom  the  weitem  extremity  of  thia  long  ni 
red  flames  was  an  isolated  prominence,  about  40"  in  aldtnde,  and  aaot 
similar  size  and  ibrm,  at  an  angle  of  145°  &om  the  north  toward*  the 
The  moon  was  decidedly  reddish-pnrple  at  the  beginning  of  totalit] 
the  reddish  tinge  disappeared  before  lla  lerminatim,  and  the  diak  aMon 
dnll  purple  colour.  A  bright  glow,  like  that  of  twilight,  indicated  the  po 
where  the  sun  waa  about  to  emerge,  and  three  or  four  seconds  later  tbe 
again  formed,  this  time  Instantaneenaly,  bat  less  nnmerona,  and  even 
Irregular,  than  betbre.  In  five  seconds  mare  the  son  reappeated  aa  a 
flna  cnsceot  on  the  indden  extinction  of  tbe  beads." 

Mr.  Dawea  observed  tlie  beads,  and  ibund  all  tbe  diciunsti 
attending  their  appeaiance  such  as  to  leave  no  doubt  as  to 
tiutb  of  tha  cause  generallj  assigned  \o  them.  He  obaerved 
corona,  a  few  seconds  aAer  the  conunencement  of  the  totality, 
estimated  its  extreme  breadth  at  half  the  moon's  diameter, 
brightness  being  greatest  neai  the  moon's  limb,  and  gradi 
decreasing  outwards.  The  phenomena  of  the  red  protubenu 
witnessed  bj  Mr.  Dawes,  are  so  clearlj  and  satisfactorily  dooci 
by  him,  that  we  think  it  best  hero  to  give  the  account  of  thei 
hia  own  words :  — 

"  Tbrongbont  the  whole  of  the  qoadrant.  from  north  to  east,  there  wi 
visible  protuberance,  tbe  corona  being  uniform  and  nnintermpted.  Beti 
the  east  and  soath  points,  and  at  an  angle  of  about  115°  from  the  n 
point,  appeared  a  large  red  prominence  of  s  very  regular  conical  ibrm, 
e.  When  first  Been  it  might  be  about  ij'  in  altitude  bom  the  edge  o< 
moon,  but  its  length  diminished  as  the  moon  advanced. 

"  The  position  of  this  protuberance  may  be  inaccurate  to  a  few  ix^ 
being  more  hastily  noticed  than  the  others.  It  was  of  a  deep  rose  col 
and  rather  paler  near  the  middle  than  at  the  edges. 

"  Proceeding  southward,  at  shout  145°  from  tbe  north  point  commeno 
low  ridge  of  red  prominences,  resembling  in  outline  Uie  tops  of  a  1 
irregular  range  of  billb     The  highest  of  these  probably  did  not  exceed 
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This  ridge  extended  through  50^^  or  55^^,  and  reached,  therefore,  to  about 
1970  from  the  north  point,  its  base  being  throughout  formed  by  the  sharply- 
defined  edge  of  the  moon.  The  irregularities  at  the  top  of  the  ridge  seemed 
to  be  permanent,  but  they  certainly  appeared  to  undulate  firem  the  west 
towards  the  east ;  probably  an  atmospheric  phenomenon,  as  Uie  wind  was 
in  the  west. 

**  At  about  22xP  commenced  another  low  ridge  of  the  same  character,  and 
extending  to  about  250P,  less  elevated  than  the  other,  and  also  less  irregular 
in  outline,  except  that  at  about  225^  a  veiy  remarkable  protuberance  rose 
from  it  to  an  altitude  of  i^',  or  more.  The  tint  of  the  low  ridge  was.  a 
rather  pale  pink;  the  colour  of  the  more  elevated  prominence  was  decidedly 
deeper,  and  its  brightness  much  more  vivid.  In  form  it  resembled  a  dog^g 
tuik,  the  convex  side  being  northwards*  and  the  concave  to  the  south.  The 
apex  was  somewhat  acute.  This  protuberance  and  the  low  ridge  con- 
nected with  it,  were  observed  and  estimated  in  height  towards  the  end  of  the 
totality. 

**A  small  double-pointed  prominence  was  noticed  at  about  255^,  and 
another  low  one  with  a  broad  base,  at  about  263°.  These  were  also  of  the 
rose-coloured  tint,  but  rather  paler  than  the  large  one  at  225^. 

**  Almost  directly  preceding,  or  at  270^^  appeared  a  bluntly  triangular  pink 
body,  suspended,  as  it  were,  in  the  corona.  This  was  separated  from  the 
moon's  edge  when  first  seen,  and  the  separation  increased  as  the  moon 
advanced.  It  had  the  appearance  of  a  hurge  conical  protuberance,  whose 
base  was  hidden  by  some  intervening  soft  and  ill-defined  substance,  like  the 
upper  part  of  a  conical  mountain,  the  loifer  portion  of  which  was  obscured 
by  clouds  or  thick  mist  I  think  the  apex  of  this  object  must  have  been 
at  least  i'  in  altitude  Arom  the  .moon's  limb  when  first  seen,  and  more  than 
i^'  towards  the  end  of  total  obscuration.  Its  colour  was  pink,  and  I  thought 
it  paler  in  the  middle. 

**  To  the  north  of  this*  at  about  280^'  or  285^,  appeared  the  most  wonderful 
phenomenon  of  the  whole.  A  red  protuberance,  of  vivid  brightness  and  very 
deep  tint,  arose  to  a  height  of,  perhaps,  i^'  when  first  seen,  and  increased 
in  length  to  2',  or  more,  as  the  moon's  progress  revealed  it  more  com- 
pletely. In  shape  it  somewhat  resembled  a  Turkish  dmeter,  the  northern 
edge  being  convex,  and  the  southern  concave.  Towards  the  apex  it  bent 
suddenly  to  the  south,  or  upwards,  as  seen  in  the  telescope.  Its  northern 
edge  was  well  defined,  and  of  a  deeper  colour  than  the  rest,  especially 
towards  its  base.  I  should  call  it  a  rich  carmine.  The  southern  edge  was 
less  distinctly  defined,  and  decidedly  paler.  It  gave  me  the  impression  of  a 
somewhat  conical  protuberance,  partly  hidden  on  its  southern  side  by  some 
intervening  substance  of  a  soft  or  flocculent  character.  The  apex  of  this 
protuberance  was  paler  than  the  base,  and  of  a  purplish  tinge,  and  it  cer- 
tainly had  a  flickering  motion.  Its  base  was,  from  first  to  last,  sharply  bounded 
by  the  edge  of  the  moon.  To  my  great  astonishment,  this  marvellous  object 
continued  visibh  for  about  fiw  secondsj  as  nearly  as  I  could  judge,  after  the 
mn  began  to  reappear,  which  took  place  many  degrees  to  the  south  of  the 
situation  it  occupied  on  the  moon's  circumference.  It  then  rapidly  faded 
away,  but  it  did  not  vanish  instantaneouslif.  From  its  extraordinary  size, 
curious  form,  deep  colour,  and  vivid  brightness,  this  protuberance  absorbed 
much  of  my  attention ;  and  I  am,  therefore,  unable  to  state  precisely  what 
changes  occurred  in  the  other  phenomena  towards  the  end  of  the  total  obscu- 
ration. 
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**  The  arc,  from  about  283^  to  the  north  point,  was  entirely  free  from  pro- 
minences, and  also  from  any  roseate  tint. 

523.  Effects  of  total  obscuration  on  surroiinainff  objeets 
and  scenery. — Although  the  different  parties  of  observers  scattered 
over  the  path  of  the  moon's  shadow  were  not  equally  fortunate  in 
having  a  clear  unclouded  sky^  they  were  all  enabled  to  observe  and 
record  the  effects  of  the  total  obscuration  upon  the  surrounding 
objects  and  country.    Dr.  Bobertson  of  Edinburgh^  Dr.  Hobinson 
of  Armagh;  and  some  others^  witnessed  the  eclipse  from  an  island 
off  the  coast  of  Norway,  in  lat.  61°  21',  at  a  point  in  the  path  of  the 
axis  of  the  shadow.    The  precursory  phenomena  corresponded  with 
those  described  by  other  observers.  ^The  atmosphere  was,  however, 
obscured  by  clouds,  which  appeared  to  rush  down  in  streams  from 
the  place  of  the  sun.    The  sea-fowl  flocked  to  their  customary 
places  of  rest  and  shelter  in  the  rocks.    The  darkness  at  the  moment 
of  total  obscuration  was  sudden,  but  not  absolute ;  for  the  clouds 
had  left  an  open  strip  of  the  sky,  which  assumed  a  dark  lurid  orange, 
which  changed  to  greenish  colour  in  another  direction,  and  shed 
upon  persons  and  objects  a  faint  and  unearthly  light.    Lamps  and 
candles,  seen  at  fifty  or  sixty  yards*  distance,  were  as  visible  as  in  a 
dark  night,  and  the  redness  of  their  light  presented  a  strange  contrast 
with  the  general  green  hue  of  eve^hing  around  them.      *'The 
appearance  of  the  country,"  says  Dr.  Robertson,  '^seen  through  the 
lurid  opening  under  the  clouds,  was  most  appalling.    The  distant 
peaks  of  the  Jostedals  and  Dovre  Field  mountains  were  seen  still 
illuminated  by  the  sun,  while  we  were  in  utter  darkness.    Never 
before  had  we  observed  all  the  lights  of  heaven  and  earth  so  entirely 
confined  to  one  narrow  stripe  along  the  horizon,  —  never  that 
peculiar  greenish  hue,  and  never  that  appearance  of  outer  darliiess 
in  the  place  of  observation,  and  of  excessive  distance  in  the  verge  of 
the  horizon,  caused  in  this  case  by  the  hills  there  being  more 
highly  illuminated  as  they  Receded  by  a  less  and  less  eclipsed  sun.*' 

Mr.  Hind  says,  that  during  the  obscuration  the  entire  landscape 
was  overspread  with  an  unnatural  gloom;  persons  around  him 
Assmned  an  unearthly,  cadaverous  aspect;  the  distant  sea  appeared 
of  a  lurid  red ;  the  southern  heavens  had  a  sombre  purple  hue,  the 
place  of  the  sun  being  indicated  only  by  the  corona  ;  the  northern 
heavens  had  an  intense  violet  hue,  and  appeared  very  near.  On 
the  east  and  west  of  the  northern  meridian,  bands  of  light  of  a 
yellowish  crimson  colour  were  seen,  which  gradually  faded  away 
into  the  unnatural  purple  of  the  sky  at  greater  altitudes,  producing 
an  effect  that  can  never  be  effaced  from  the  memory,  l^ough  no 
description  could  give  a  just  idea  of  its  awful  grandeur. 

At  several  places  in  Prussia^  where  the  heavens  were  unclouded 
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during  the  total  obscuration,  a  great  number  of  the  more  conspi- 
cuous starS;  as  well  as  the  planets  Jupiter,  Venus,  and  Mercury^ 
were  visible.  Several  flowering  plants  were  observed  to  close 
their  blossoms,  birds  which  had  been  previously  flying  about 
disappeared,  and  domestic  fowls  went  to  roost. 

524.  Solar  eclipse  of  1860f  July  18.  —  Obseryatlons  of 
M.  &e  Verrler  at  Tarasona,  of  M.  Ck>l4lsoliintdt  at  Vittoria* 
and  of  M.  Seocbl  at  Beslerto  de  las  Palmas,  Spain. —  The 
eclipse  of  the  sun  on  the  i8th  of  July,  i860,  was  favourably 
observed  in  various  parts  of  Spain,  by  astronomers  of  all  countries. 
Perhaps  on  no  occasion  of  a  similar  nature  was  a  greater  interest 
manifested  in  organising  parties  of  observers,  for  the  purpose  of 
noting  correctly  the  various  phenomena  visible  only  during  the 
totality  of  a  solar  eclipse.  The  Admiralty  granted  the  use  of  the 
splendid  steamship  Himalaya  for  the  conveyance  of  the  British 
astronomers,  and  ^e  local  authorities  in  Spain  gave  every  assistance 
to  the  expedition. 

The  results  of  the  observations  are  not  yet  published,  but  the 
important  fact  has  been  established  that  the  various  phenomena 
which  are  only  to  be  seen  on  these  rare  occasions  are  appendages 
of  the  sun.  Several  photographs  of  the  appearances  of  the  sun 
and  moon  at  different  times  during  the  totality,  as  well  as  during 
other  phases  of  the  eclipse,  have  been  obtained  by  Mr.  De  la  Rue 
and  others,  on  which  the  prominences  are  distinctly  marked,  show- 
ing the  progress  of  the  motion  of  the  moon  in  the  intervals  between 
the  different  photographs. 

In  the  absence  of  published  records  of  English  astronomers,  we 
believe  it  will  be  instructive  to  give  short  extracts  from  those  of 
M.  Le  Verrier  and  M.  Goldsclmddt  of  Paris,  and  M.  Secchi  of 
Kome,  all  of  whom  were  stationed  within  the  zone  of  totality. 
These  astronomers  were  favoured  with  a  dear  sky  during  the 
observations,  and  the  whole  of  the  phenomena  usually  seen  ap- 
pear to  have  been  observed,  with  the  exception  of  *'Baily*s  beads." 
These  were,  however,  seen  by  other  observers. 

"We  consider  it  better  to  give  M.  Le  Verrier*s  account  in  his  own 
words :  — 

*^  I  now  arrive  at  the  description  of  the  luminous  appendages  which  appeared 
on  the  circumference  of  the  lunar  and  solar  disks,  and  in  following  the  order 
in  which  I  explored  them,  that  is,  commencing  at  the  apparent  zenith  of  the 
sim,  passing  down  towards  the  lower  part  of  the  disk  on  its  western  limb, 
then  ascending  by  the  eastern  limb  as  far  as  the  vertex,  and  again  descend- 
ing towards  the  west  to  the  point  where  the  first  ray  of  the  sun  reappeared. 
(I  speak  here  of  the  phenomenon  as  seen  by  the  naked  eye,  and  not  by  an 
inverting  telescope.)  The  first  object  which  I  saw  in  the  field  of  the  tele- 
scope, after  the  commencement  of  the  totality,  was  an  isolated  cloud  entirely 
separated  from  the  moon's  limb  by  a  space  equal  to  its  own  size,  eztendiiv^ 
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to  an  altitude  of  about  a  minute  and  a  half.  The  colonr  of  this  doad  was  of  a 
fine  rose  mixed  with  a  tinge  of  violet,  and  its  transparence  seemed  heightened 
almost  to  white  hy  the  brilliancy  of  some  of  its  parts.  A  little  lower  to  the 
right,  two  clouds  were  lying  on  each  other,  the  upper  cloud  being  smaller 
than  the  lower ;  these  exhibited  the  greatest  inequalities  in  their  intensity  of 
light.  The  remainder  of  the  western  side  of  the  disk,  as  well  as  the  lower 
part,  presented  nothing  remarkable,  excepting  the  corona,  whose  li^t  ap- 
peared perfectly  white,  and  of  considerable  brilliancy ;  but  on  the  eastern 
limb,  about  thirty  degrees  below  the  horizontal  diameter,  I  discovered  two 
elevated  prominences  contiguous  to  each  other.  The  upper  side  of  each  of 
these  protuberances  were,  like  the  clouds,  vividly  tinged  with  the  same  rose 
and  violet  colour,  whilst  the  opposite  side  appeared  white.  I  can  hardly 
doubt  the  form  which  these  prominences  presented.  As  it  contrasted  in 
.shape  with  that  of  the  other  phenomena  which  I  had  previously  seen,  I 
verified  the  jagged  appearance  of  this  prominence  with  great  care.  On 
moving  my  telescope,  the  high  power  of  which  would  only  allow  a  small 
portion  of  the  sun's  disk  to  be  seen  at  once,  I  recognised  a  little  higher,  a 
third  prominence  in  the  shape  of  a  tooth,  separated  from  the  othet  two,  Imt 
of  the  same  form  and  colour,  and  differing  only  by  dimensions  more  con- 
siderable. The  remaining  part  of  the  disk  offered  nothing  remarkable.  On 
returning  to  the  upper  region,  I  found  the  two  clouds  which  I  have  already 
described,  without  alteration. 

**  Twenty  seconds  before  the  reappearance  of  (he  sun,  I  directed  my  atten- 
tion towards  the  point  at  which  it  was  expected.  That  part  of  the  limb 
which  two  minutes  previously  appeared  perfectly  white,  was  now  tinged 
with  a  narrow  thread  of  a  reddish  purple  colour ;  but,  even  as  the  seconds 
passed  away,  this  coloured  thread  gradually  increased,  and  soon  formed 
around  the  black  disk  of  the  moon,  to  an  extent  of  thirty  degrees,  a  red 
border  of  an  increasing  and  definite  thickness,  the  outline  being  irregular  at 
the  upper  part  At  the  same  time,  the  brightness  of  the  portion  of  the  conHia, 
which  during  the  few  preceding  seconds  emerged  from  under  the  disk  of  the 
moon,  increased  with  such  a  rapidity,  that  I  was  in  doubt  whether  I  did  not 
see  the  limb  of  the  sun.  This  was  no  other  than  the  reappearance  of  a  direct 
ray  of  light,  which  in  its  turn  effaced  that  of  the  corona,  but,  however,  I 
was  certain  of  the  nature  of  the  phenomena  which  were  passing  at  the  same 
moment  before  my  eyes,  and  which  may  be  described  in  a  few  words.  1st.  The 
visible  part  of  the  emerging  surface  of  the  sun,  in  every  direction  reaching  to 
an  altitude  of  seven  or  eight  seconds,  was  covered  by  a  bed  of  clouds  of  rose 
colour,  which  were  seen  to  increase  in  density,  even  as  they  appeared  ftom 
behind  the  disk  of  the  moon.  May  we  believe  that  the  entire  surface  of  the 
sun  is  enveloped  by  them  at  a  low  altitude,  as  it  is  spread  over  with  faculse, 
and  that  the  rose-coloured  clouds  are  emanations  from  this  bed,  forming  the 
spots  which  appear  on  the  disk  of  the  sun  ?  2nd.  The  intensity  of  the  light  of 
the  corona,  which  is  always  perfectly  white,  varies  with  great  rapidity  in  thb 
immediate  neighbourhood  of  the  solar  disk." 

Some  interesting  reflections  by  M.  Le  Vemer  on  the  physical 
constitution  of  the  sun,  resulting  from  a  consideration  of  the  various 
phenomena  witnessed  by  him  during  the  interval  of  totality  at 
this  eclipse,  would  seem  to  raise  some  doubts  in  his  mind  of  the 
accuracy  of  the  generally  received  notion  that  the  sun  is  composed 
of  a  solid  opaque  nucleus,  or  globe,  invested  with  two  atmospheres. 
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that  which  is  nearest  to  the  body  being  non-luminous ;  while  the 
whole  is  surrounded  by  the  exterior  coating,  which  is  self-lumin- 
ous, and  the  source  of  light  and  heat.  When  the  exterior  cover- 
ing is  broken,  the  non-luminous  matter  ]|  supposed  to  be  visible, 
forming  the  spots  which  are  continually  presenting  themselves  on 
the  solar  disk  (240).  To  this  complex  constitution,  it  is  now 
necessary  to  add  another  envelope,  that  which  forms  the  material 
of  the  rose-coloured  clouds  and  prominences.  M.  Le  Verrier's 
remarks  on  the  subject  are  as  follows : — 

**  Now  I  fear  that  the  greater  part  of  these  envelopes  are  only  matters  of 
fiction ;  that  the  snn  is  simply  a  Inminoos  body  on  account  of  its  high  tem- 
perature, and  covered  by  a  continaoos  bed  of  rose-coloured  matter,  the 
existence  of  which  is  now  sufficiently  proved.  The  sun,  thus  formed  of  a 
central  body,  solid  or  liquid,  covered  by  an  atmosphere,  is  restored  to  the 
common  law  of  the  constitution  of  celestial  bodies. 

**  The  existence  of  a  bed  of  rose-coloured  matter,  partially  transparent, 
covering  the  whole  surface  of  the  sun,  is  an  established  fact  by  the  observa- 
tions made  during  the  time  of  totality  in  the  present  eclipse. 

**  Observation  proves  also  that  this  rose-coloured  matter  is  accumulated 
occasionally  on  certain  points,  in  quantities  more  considerable  than  on  others, 
and  as  the  light  of  the  corresponding  part  of  the  sun  may  be  possibly  found 
more  or  less  extinguished,  we  arrive  at  a  natural  explanation  of  the  spots  on 
the  sun's  surface.  These  spots  will  exhibit  the  most  varied  forms  and  ap- 
pearances, subject  to  rapid  changes,  in  a  similar  manner  to  what  has  been 
already  observed,  provided  they  are  produced  by  clouds.  They  will  change 
their  positions  on  the  surface  of  the  sun,  like  douds  on  the  surface  of  the 
earth ;  and  when  from  their  motion  the  determination  of  the  rotation  of  the 
sun  on  its  axis  is  deduced,  we  ought  to  find,  as  it  frequently  happens,  dis- 
cordant results. 

**  The  faculse,  or  luminous  streaks  which  appear  on  the  surface  of  the  sun, 
by  changing  their  form  and  brightness,  and  by  disappearing  from  certain 
regions,  to  appear  in  others,  could  be  explained  by  the  inequalities  and 
variable  density  of  the  atmosphere,  and  above  all,  by  the  illumination  of  the 
inclined  surface.  It  may  be  remarked,  that  in  the  neighbourhood  of  the 
spots  the  faculffi  are  generally  most  abundant" 

The  town  of  Tarazona,  near  which  M.  Le  Verrier  was  stationed 
during  the  eclipse,  is  situated  on  the  south  side  of  the  river  Ebro^ 
at  a  distance  of  about  ten  miles  from  Tudela.  The  estimated  dura- 
tion of  totality  in  this  part  of  Spain  was  about  3"  lo*. 

M.  Goldschmidt  selected  Yittoria  as  the  station  at  which  a 
favourable  state  of  the  sky  was  probable,  and  which  was  also  con- 
venient for  the  observation  of  the  eclipse.  The  duration  of  totality 
at  Vittoria  was  estimated  at  3'  o'',  being  about  thirty  seconds  less 
than  at  the  central  line  of  shadow.  The  instrument  used  was  a 
telescope,  with  an  object-glass  of  four  inches  aperture,  magnifying 
about  40  times.  The  corona  and  rose-coloured  prominences  were 
seen  distinctly  by  M.  Goldschmidt,  drawings  of  which  were  made 
by  him.    He  remarks  that — 
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**The  most  imposing  as  well  as  complicated  of  these  prominences,  wliich  I 
will  call  the  chandelier,  was  grand  beyond  description.  It  rose  np  from  the 
limb,  appearing  like  slender  tongues  of  fire,  and  of  a  rose  colour ;  its  edges 
purple  and  transparent,  allowing  the  interior  of  the  prominence  to  be  seen; 
in  fact,  I  could  see  distinctly  that  this  protuberance  was  hollow.  Shortly 
before  the  end  of  the  totality,  I  saw  escape  from  the  summits  of  these  rose- 
coloured  and  transparent  sheaves  of  light,  a  slight  display  in  the  shape  of  A 
fan,  which  gave  to  the  protuberance  a  real  resemblance  to  a  chandelier.  Its 
base,  which  at  the  commencement  of  the  totality  was  noticed  very  decidedly 
on  the  black  limb  of  the  moon,  became  slightly  less  attached,  and  the  whole 
took  an  appearance  more  ethereal  or  vapourish ;  however,  1  did  not  lose  sight 
of  it  for  an  instant  The  jets  of  light  which  came  from  the  summits  dis- 
appeared  with  the  appearance  of  the  first  rays  of  the  sun,  but  it  was  not  sO 
with  the  protuberance  itself,  for,  an  instant  before  the  end  of  the  totality,  I 
saw  several  small  prominences  appear  lying  close  to  each  other  on  the  right 
of  its  base,  and  forming  a  square,  which  is  the  character  of  toothed  pro- 
minences ;  two  others  of  the  same  height  were  seen  on  the  left  side  of  its 
base,  when  the  sun  had  already  appeared,  at  2^  ss^.  It  should  be  mentioned 
that  the  images  in  the  field  of  the  telescope  were  inverted. 

''The  north  horn  of  the  solar  crescent  touched  the  last  of  these  pro- 
minences, four  minutes  and  forty  seconds  after  the  reappearance  of  the  sun. 
The  intense  light  caused  me  to  abandon  this  interesting  observation,  for  I 
was  not  at  the  time  using  a  coloured  glass ;  however,  I  am  certain  that  the 
chandelier  and  the  little  prominences  at  its  base  had  not  disappeared  np  to 
that  moment. 

''Although  I  am  convinced  that  the  protuberances  belong  to  the  8mi« 
nevertheless,  I  ought  to  remark  that,  at  the  last  moment,  I  was  surprised  to 
see  the  direction  of  the  chandelier  referred  to  the  centre  of  the  moon,  rather 
than  to  the  centre  of  the  sun.  The  height  of  this  prominence  was  estimated 
about  three  minutes  and  a  half  at  the  commencement  of  totality,  and  four 
minutes  at  the  end.  The  second  protuberance  appeared  on  the  apparent 
right  of  this,  at  a  distance  of  about  35S  being  about  three  minutes  and  twenty 
seconds  in  height,  and  nearly  of  the  form  of  the  sign  of  the  planet  Saturn ; 
this  prominence  I  have  called  the  hook.  A  third,  to  the  right  of  the  two  pre- 
ceding, and  at  a  distance  equal  to  that  of  the  two  others,  assumed  a  form  of 
which  it  is  difficult  to  give  an  idea ;  however,  I  will  call  it  the  tooth.  About 
eleven  degrees  to  the  right  of  the  second  protuberance  I  noticed  a  fourth, 
small,  and  in  the  form  of  a  square ;  between  this  and  the  third  there  was 
situated  a  rose-coloured  cloud,  the  shape  of  which  was  elongated  and  bent, 
inclined  at  an  angle  of  45^^  towards  the  left  limb  of  the  moon.  This  cloud 
was  entirely  detached,  floating  on  the  corona  like  a  red  cloud  at  sunset.  Its 
centre  was  elevated  above  the  limb  of  the  moon,  about  one-half  the  altitude 
of  the  other  prominences,  or  about  two  minutes.  A  fifth  protuberance  also 
appeared,  at  the  beginning,  in  the  south-east,  and  was  of  increased  size  in 
the  middle  of  the  totality. 

"  I  ought  to  remark,  that  all  the  protuberances  which  I  noticed  had  a  ten- 
dency in  their  forms  to  describe  a  curve,  the  concavity  of  which  was  turned 
from  the  side  of  the  west.'* 

The  eclipse  was  observed  hj  M.  SeccH^  of  the  CoUegio  HomanOi 
at  Desierto  de  las  Palmas^  near  Oropesa;,  on  the  eastern  coast  of 
Spam,  and  rery  nearly  on  tJie  central  line  of  totality^  the  estimated 
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I     duration  of  the  total  darkness  at  this  station  being  about  3™  26'. 
I      M.  Secchi  remarks :  — 

"  Shortly  before  the  total  disappearance  of  the  son,  I  noticed  the  corona 
through  a  lightly  coloured  glass ;  I  removed  the  glass  as  soon  as  the  eclipse 
became  total,  and  I  was  astonished  at  its  brilliancy,  which  was  sufficient, 
even  at  this  time,  to  dazzle  the  eye ;  but  its  brightness  visibly  diminished, 
the  limb  of  the  sun  being  surrounded  by  a  purplish  corona,  terminating  in 
points  of  the  same  colour,  which  soon  disappeared :  at  this  time  two  magni- 
ficent protuberances  appeared  a  little  above  the  spot  where  the  sun's  limb 
disappeared.  One  was  conical,  with  a  point  rather  slender  and  curved,  having 
the  appearance  of  a  flame  somewhat  agitated.  The  other  was  less  elevated, 
bat  of  greater  extent ;  it  occupied  an  arc  of  four  or  five  degrees  of  the  limb, 
the  summit  terminating  like  teeth  of  a  very  fine  saw,  the  upper  outline  of 
which  was  almost  parallel  to  the  limb  of  the  moon.  These  protuberances 
visibly  decreased;  their  height  was  estimated  at  2^  and  x^  minutes  re- 
spectively. At  the  commencement  of  totality  no  prominence  was  visible  on 
the  opposite  limb  of  the  moon,  but  about  the  middle  of  the  eclipse,  when  the 
two  first  had  already  disappeared,  so  many  luminous  points  appeared  on 
the  other  side  of  the  black  disk,  that  I  was  for  a  short  time  embarrassed  which 
to  choose  for  measurement.  These  brilliant  appearances  increased  in  size  as 
fast  as  the  moon  glided  forward,  and  I  saw  with  surprise  an  almost  con- 
tinuous arc  of  purple  light  instantaneously  formed,  composed  of  small  pro- 
tuberances, in  that  part  of  the  lunar  disk  where  the  reappearance  of  the  sun 
was  expected.  What  surprised  me  most  was  a  fine  red  cloud  entirely  de- 
tached from  the  protuberances,  projected  on  the  white  light  of  the  corona, 
and  followed  by  two  others  of  smaller  dimensions.  I  could  not  refrain  from 
calling  -the  attention  of  MM.  Aquila  and  Cepeda,  who  observed  at  my  side, 
to  this  remarkable  phenomenon,  the  existence  of  which  was  verified  by  these 
observers.  Meanwhile,  on  the  side  of  the  lunar  disk  where  the  sun  was  re- 
appearing, the  light  of  the  corona  gradually  increased,  and  I  saw  clearly  the 
line  on  which,  in  a  marked  gradation,  the  white  light  of  the  photosphere 
mingled  with  the  red  points  of  the  prominences ;  the  arc,  which  was  tinged 
with  red,  extended  at  that  time  to  at  least  60^.  Soon  after  this  the  protu- 
berances became  invisible,  but  I  still  saw  the  corona  with  the  naked  eye 
during  40  seconds  after  the  reappearance  of  the  sun,  the  solar  light  shining 
like  an  electric  lamp,  projecting  tremulous  shadows. 

**  These  observations  have  convinced  me  that  the  protuberances  are  con- 
nected with  the  sun,  and  that  it  is  absurd  to  assert  the  contrary." 

52^.  Evidence  of  a  solar  atmospbere.  —  Many  of  the  phe- 
nomena attending  total  solar  eclipses  afford  strong  corroboratory 
evidence  of  the  existence  of  a  solar  atmosphere,  extending  to  a 
vast  height  above  the  luminous  coating  of  the  sun,  the  probability 
of  which  has  been  already  shown  (256). 

The  corona,  or  bright  ray,  or  glory,  surrounding  the  dark  disk 
of  the  moon  where  it  covers  the  sun,  is  observed  to  be  concentric 
with  the  moon  only  at  the  moment  when  the  latter  is  concentric 
with  the  sun.  In  other  positions  of  the  moon's  disk,  it  appears  to 
be  concentric  with  the  sun.  This  would  be  the  effect  produced 
by  a  solar  non-luminous  atmosphere  faintly  reflecting  the  a\Mi'%Vi!sgc&« 
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The  corona  supplies  no  exact  data  by  which  the  height  d  ^ 
solar  atmosphere  thus  faintly  reflecting  lig^t  can  be  asceitaiiied: 
but  Sir  J.  Herschel  thinks^  that  from  the  manner  in  which  the 
diminution  of  light  is  manifested  on  the  sun's  disk,  being  hj  no 
means  sudden  on  approaching  the  borders,  but  extending  to  some 
distance  within  the  disk,  the  height  must  be  not  only  great  in  in 
absolute  sense,  but  must  even  be  a  very  considerable  firactian  of 
the  sun's  semi-diameter ;  and  this  inference  is  strong^ly  oonfiimBd 
by  the  luminous  corona  surrounding  the  eclipsed  disk. 

526.  Vrobable  oauses  of  tlie  red  emaaattons  la  total  stlv 
eoUpsos.  —  It  appears  to  be  agreed  generally  among-  astronomeis 
that  the  red  emanations  above  described  are  solar^  and  not  Imur- 
From  observations  made  under  favourable  circumstances  in  tiie 
north  of  Spain,  during  the  total  eclipse  of  the  sun  which  occnned 
on  the  iSth  of  July,  i860,  as  well  as  from  photographs  of  the 
eclipse  successfully  taken  during  the  time  of  totality^  condunre 
proofs  have  been  recorded  that  these  prominences  are  strictly  solar. 
If  they  be  admitted  then  to  be  solar,  it  is  scarcely  possible  to 
imagine  them  to  be  solid  matter,  notwithstanding  the  apparent 
constancy  of  their  form  in  the  brief  interval  during  which  at  vxs 
one  time  they  are  visible,  for  the  entire  duration  of  their  visibilitT 
has  never  yet  been  so  much  as  four  minutes.    To  admit  the  possi- 
bility of  their  being  solar  mountains  projecting  above  the  luminoiu 
atmosphere  surroimding  the  sim,  and  rising  to  the  height  in  the 
exterior  and  non-luminous  atmosphere  forming  the  corona  neces- 
sary to  explain  their  appearance,  we  must  suppose  their  height  to 
amoimt  to  nearly  a  twentieth  -part  of  the  sun's  diameter,  that  is, 
to  44,000  miles. 

The  fact  that  they  are  gaseous  and  not  solid  matter  appears, 
therefore,  to  be  conclusively  established  by  their  enormous  mag- 
nitude, the  great  height  above  the  surface  of  the  sun  at  which 
they  are  placed,  their  faint  degree  of  illumination,  and  the  cir- 
cumstances of  their  being  sometimes  detached  at  their  base  from 
the  visible  limb  of  the  sim.  These  circumstances  render  it  pro- 
bable that  these  remarkable  appearances  are  produced  by  doudj 
masses  of  extreme  tenuity,  supported,  and  probably  produced  in 
it-^J  an  extensive  spherical  shell  of  non-luminous  gaseous  matter,  sur- 

rounding and  rising  above  the  luminous  surface  of  the  sun  to  a  great 

\  altitude. 

i;  When  the  opinions  and  reflections  of  the  numerous  astronomers 

who  witnessed  the  phenomena  visible  during  the  eclipse  of  the  1 8th 
of  July,  1 860,  are  published,  we  shall  doubtless  be  in  a  position  to 

y  settle  definitely  this  important  and  interesting  question.     Mean- 

\  while,  it  is  the  opinion  of  M.  Le  Verrier,  who  observed  the  phe- 

nomena under  favourable  circumstances,  that  it  is  questionable 
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whether  the  receiyed  notion  of  the  physical  constitution  of  the 
son  would  account  for  these  red  emanations.  He  suggests  that  the 
sun  may  be  simply  a  luminous  body  on  account  of  its  high  tem- 
perature, and  that  it  is  covered,  in  some  parts  in  greater  density 
than  in  others,  with  a  continuous  bed  of  rose-coloured  matter. 
'^  The  sun,  thus  formed  of  a  central  body,  and  covered  by  an  atmo- 
sphere, is  restored  to  the  common  law  of  the  constitution  of  celestial 
bodies.''  Until,  however,  the  subject  is  sufficiently  discussed  by  a 
comparison  of  the  accounts  and  opinions  of  other  astronomers, 
it  would  be  merely  speculative  to  come  to  any  conclusion  at 
present. 

n.    LUITAB  ECUPSES. 

527.  Canse  of  lunar  eclipses.  —  When  the  moon  is  in  op- 
position, its  apparent  distance  ^m  the  plane  of  the  ecliptic  or 
its  latitude,  varying  from  o®  to  upwards  of  5®,  is  at  times  less 
than  the  apparent  semi-diameter  of  the  section  of  the  earth's 
conical  shadow,  in  which  case,  fialling  more  or  less  within  the 
shadow,  it  will  be  deprived  of  the  sun's  light,  and  will  therefore 
be  eclipsed. 

The  circumstances  and  conditions  attending  such  a  phenomenon 
depend  evidently  on  the  dimensions  of  the  earth's  shadow,  the 
magnitude  of  its  section  at  the  moon's  distance,  and  the  position 
of  the  moon  in  relation  to  it. 

528.  Conditions  wbieta  determine  lunar  eeli]Mies.  —  As  the 
earth  moves  in  its  orbit  round  the  sun,  this  conical  shadow  is 
therefore  constantly  projected  in  a  direction  contrary  to  that  of  the 
sun.  Any  body,  therefore,  which  may  happen  to  be  in  the  plane 
of  the  ecliptic,  or  sufficiently  near  to  it,  and  within  this  distance 
of  the  path  of  the  earth,  will  be  deprived  of  the  sun's  light  while 
it  is  within  the  limits  of  the  cone.  The  moon  being  the  only  body 
in  the  universe  which  passes  within  such  a  distance  of  the  earth, 
is  therefore  the  only  one  which  can  be  thus  obscured. 

The  section  of  the  shadow  may  be  regarded  as  a  dark  disk, 
whose  apparent  semi-diameter  varies  between  37'  49"  and  45'  42'', 
and  the  true  place  of  whose  centre  is  a  point  on  the  ecliptic  1 80^ 
behind  the  centre  of  the  sim.  A  lunar  eclipse  is  produced  by  the 
superposition,  partial  or  total,  of  this  disk  on  that  of  the  moon, 
and  the  circumstances  and  conditions  which  determine  such  an 
eclipse  are  investigated  upon  the  principles  already  explained. 

By  the  solar  tables,  the  apparent  position  of  the  centre  of  the 
sun,  from  hour  to  hour,  may  be  ascertained,  and  the  position  of  the 
centre  of  the  section  of  the  shadow  may  thence  be  inferred.  From 
the  limar  tables,  the  position  of  the  moon's  centre  being  in  like 
manner  determined,  the  distance  between  the  centxQi&  Ckl\!QL<6  ^if!«:iCL^scv 
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of  the  shadow  and  the  moon's  disk  can  be  ascertained.  When 
this  distance  is  equal  to  the  sum  of  the  apparent  semi-diameters  of 
the  moon's  disk  and  the  section  of  the  shado'w,  the  eclipse  "will 
begin ;  the  moment  when  the  distance  is  least  -will  be  the  middle 
of  the  eclipse;  and  the  line  of  greatest  obscuration ;  and  when  the 
distance  between  the  centres  increasing  becomes  again  equal  to  the 
sum  of  the  apparent  semi-diameters^  the  eclipse  will  terminate. 
The  computation  of  all  these  conditions,  and  the  time  of  their 
occurrence,  presents  no  other  difficulty  than  those  of  ordinary 
aritimietical  calculation. 

The  magnitude  of  the  eclipses  is  measured,  like  tbat  of  the  sun, 
by  the  difference  between  the  sum  of  the  semi-diameters  and  the 
distance  between  the  centres. 

The  occurrence  of  a  total  eclipse,  and  the  moment  of  its  com- 
mencement, if  it  take  place,  are  determined  by  the  distance  be- 
tween the  centre  of  the  shadow  and  that  of  the  moon  becoming 
equal  to  the  difference  between  the  semi-diameter  of  the  shadow 
and  that  of  the  moon.  Thus,  a  total  eclipse  will  take  place  if  the 
moon's  latitude  l  in  opposition  be  less  than 

L=8'-«'  =(A+A')-(«4.  ^)  5 

that  is,  less  than  the  difference  between  the  sum  of  the  horizontal 
parallaxes  and  the  sum  of  the  semi-diameters ;  s  being  the  semi- 
angle  of  the  conical  shadow,  s',  the  apparent  semi-diameter  of  the 
section  of  the  shadow  at  the  moon's  distance,  »,  s^,  the  apparent 
semi-diameters,  and  A,  A',  the  horizontal  parallaxes  of  the  sun  and 
moon. 

Since  the  sum  of  the  horizontal  parallaxes,  even  when  least,  is 
much  greater  than  the  sum  of  the  apparent  semi-diameters,  even 
when  greatest,  a  total  eclipse  of  the  moon  is  always  possible,  pro- 
vided the  centre  of  the  moon  approaches  near  enough  to  the  centre 
of  the  shadow,  and  for  the  same  reason  an  annular  lunar  eclipse  is 
impossible. 

529.  Knnar  ecUptlo  limits. —  That  a  lunar  eclipse  may  take 
place,  it  is  necessary  that  the  moon,  when  in  opposition,  should 
approach  the  ecliptic  within  a  distance  less  than  the  siun  of  the 
apparent  semi-diameters  of  the  moon  and  the  section  of  the 
shadow.  Let  its  latitude  in  opposition  be  L',  the  limiting  value  of 
this  will  be 

L'=  h+h'  -f  a'—  s. 

If  the  latitude  of  the  moon  be  less  than  this  (which  is  the  sum 
of  the  semi-diameters  of  the  moon  and  shadow)  an  eclipse  must 
take  place. 

Butf  aa  ill  the  case  of  Bolai  eeU-^^^^,  the  Quantities  composing 
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this  being  variable  the  limit  itself  is  variable.  If  such  values  be 
assigned  to  the  component  quantities  as  to  render  i/  the  greatest 
possible,  we  shall  obtain  the  latitude  within  which  an  eclipse  is 
possible.  If  such  values  be  assigned  as  will  render  1/  the  least 
possible,  we  shall  obtain  the  latitude  within  which  an  eclipse  is 
inevitable. 

530.  Greatest  duration  of  total  eclipse. —  The  duration  of  a 
total  eclipse  depends  on  the  distance  over  which  the  centre  of 
the  moon's  disk  moves  relatively  to  the  shadow  while  passing 
from  the  first  to  the  last  internal  contact.  This  may  vary  from 
o  to  twice  the  greatest  possible  distance  of  the  moon's  centre  from 
the  centre  of  the  shadow  at  the  moment  of  internal  contact,  that 
is,  to 

2  L'=2  (A-f  A')— 2  (»+«0* 

and  this  at  its  greatest  value  is, 

2l'=2X(3o'58'0=6i'56"; 

and  since  the  moon's  centre  moves  synodically  through  half  a 
minute  of  space  in  each  minute  of  time,  the  interval  necessary  to 
move  over  61'  56'' will  be  two  hours  and  four  minutes,  which 
is  therefore  the  greatest  possible  duration  of  a  total  lunar  eclipse. 

531.  SelatlTe  number  of  solar  and  lunar  eclipses. —  It  will 
be  evident,  from  what  has  been  explained,  that  the  frequency  of 
solar  is  much  greater  than  that  of  lunar  eclipses,  since  two  at  least 
of  the  former  mustf  and  five  mayy  take  place  within  the  year,  while 
not  one  of  the  latter  may  occur.  Nevertheless,  the  number  of 
lunar  which  are  exhibited  at  any  given  place  on  the  earth  is  greater 
than  that  of  solar  eclipses,  because,  although  the  latter  occur  with 
so  much  greater  frequency,  they  are  seen  only  within  particular* 
limits  on  the  earth's  surface. 

532.  Bffects  of  tlie  eartb's  penumbnu — Long  before  the 
moon  enters  within  the  sides  of  the  cone  of  the  shadow  it  enters 
the  peniunbra,  and  is  partially  deprived  of  the  sun's  light,  so  as  to 
render  the  illimiination  of  its  surface  sensibly  more  faint.  It 
might  be  inferred  from  this,  that  the  obscuration  of  the  moon  is  so 
extremely  gradual,  that  it  would  be  impossible  to  perceive  the 
limitation  of  the  shadow  and  penumbra.  Nevertheless,  such  is 
the  splendour  of  the  solar  light,  that  the  thinnest  crescent  of  the 
sun,  to  which  the  part  of  the  moon's  surface  near  the  edge  of  the 
earth's  shadow  is  exposed,  produces  a  degree  of  illumination  which 
contrasts  so  strongly  with  the  shadow  as  to  render  the  boundary  of 
the  latter  so  distinct,  that  the  phenomenon  presents  one  of  the 
most  striking  evidences  of  the  rotundity  of  the  ew::tk>\5cifti<OTccL^'^ 
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the  ahadow  being  accurately  that  which  one  globe  would  project 
upon  another. 

533.  BffBots  of  rafkraetton  of  tbo  oarCb's  mtMn/omgHMmre  la 
totml  eoUpseo. —  If  the  earth  were  not  surrounded  with  an  atmo- 
sphere capable  of  refracting  the  sun's  lights  the  diak  of  the  moon 
would  be  absolutely  invisible  after  entering  within  the  edge  of  Hie 
shadow.  For  the  same  reason,  however,  that  we  continue  to  see 
the  sun's  disk,  and  receive  its  rays  after  it  has  really  descended 
below  the  horizon,  an  observer  placed  upon  the  moon^  and  there- 
fore the  surfiEtce  of  the  moon  itself,  must  continue  to  leoeire  Hie 
sun's  rays  after  the  interposition  of  the  edge  of  the  earth's  <iT«V  as 
seen  from  the  moon.  This  refracted  light  fEdling  upon,  the  moon 
after  it  has  entered  within  the  limits  of  the  shadow,  produces  upon 
it  a  peculiar  illumination,  corresponding  in  fEuntness  and  coloiir  to 
the  rays  thus  transmitted  through  the  earth''s  atmosphere. 

534.  Tlie  lunar  disk  Tistble  durlnir  total  oliinminieMi 
When  the  moon's  limb  first  enters  the  shadow,  the  contrast  and 
glare  of  the  part  of  the  disk  still  enlightened  by  the  direct  isys  of 
tiie  sun,  render  the  eye  insensible  to  the  more  feeble  illiiTwiTiidJAn 
produced  upon  the  eclipsed  part  of  the  disk  by  the  refructed  rays. 
As,  however,  the  eclipse  proceeds,  and  the  magnitude  of  the  ptit 
of  the  disk  directly  enlightened  decreases,  the  eye,  partly  leUered 
from  the  excessive  glare,  begins  to  perceive  veiy  faintly  the  eclipsed 
limb,  which  id  nevertheless  visible  from  the  beginning  in  a  tele- 
scope, in  which  it  appears  with  a  dark  grey  hue.  When  the  entiie 
disk  has  passed  into  the  shadow,  it  becomes  distinctly  -visible, 
showing  a  gradation  of  tints  from  a  bluish  or  greenish  on  the  out- 
side to  a  gradually  increasing  red,  which,  fiirdier  in,  changes  to  a 
colour  resembling  that  of  incandescent  iron  when  at  a  dull  red 
heat.  As  the  lunar  disk  approaches  the  centre  of  the  shadow, 
this  red  line  is  spread  all  over  it  Its  illumination  in  this  position 
is  sometimes  so  strong  as  to  throw  a  sensible  shadow,  and  to  render 
distinctly  visible  in  the  telescope  the  lineaments  of  light  and 
shadow  upon  its  surface. 

These  effects  are  altogether  similar  to  the  succession  of  tints 
developed  in  our  atmosphere  at  sunset,  and  arise,  in  fact,  from,  the 
same  cause,  operating,  however,  with  a  twofold  intensity.  The 
solar  rays  traversing  twice  the  thickness  of  air,  the  blue  and  green 
lights  are  more  effectually  absorbed,  and  a  still  more  intense  red  is 
imparted  to  the  tints  transmitted.  Without  pursuing  these  con- 
sequences further  here,  the  reader  will  find  no  difficulty  in  tracing 
them  in  the  effects  of  sunset  and  of  sunrise^  and  of  evening  and 
morning  twilight. 
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1 1',  fig.  91.  represent  the  planet,  t/i'  iU 
conical  shadow,  is"  tie  aim,  E  and  b' thepositionHof  theearti  when 
the  planet  ia  in  quAdrature,  in  which 
positionthe  shadow  j/j'is  presented  ^j 
with  les^  obliqui^  to  the  Tisual  line, 
end  thereibre  least  ibreshortened,  and 
most  distinctly  seen.  Let  hV  i  d'K 
present  the  orbit  of  one  of  the  satellites  I 
the  plane  of  which  coincides  nearly  I 
with  that  of  the  pitinet'a  orbit,  and, 
for  the  purposes  of  the  present  illus- 
tration, the  latter  may  be  considered  !| 
BB  coinciding  with  tie  ecliptic  with- 
out producing-  senfdble  error^ 

From  E  suppose  the  visual  lines  e  s 
and  E  j' t«  be  drawn,  meeting  the  path 
of  the  Bat«llite  at  A  sad  g,  and  at  a 
and  V,  and,  in  like  manner,  let  the  || 
corresponding  visual    lines  fiom  I 
meet  it  at  i?  and  ^,  and  at  o'  and  6' 
Let  c  and  d  be  the  points  where  th 
path  of  the  satellite  crosses  the  limits  I 
of  the  shadow,  and  A  and  K  the  I 
points  where  it  crosses  the  extreme  I 
Bolar  rays  which  pass  along  those  I 
Ihnite. 

If  X  express  the  length  i  f  oi  the 
shadow,  d  the  distance  of  the  planet 
from  the  sun  in  semi-diameterB  of  the 
planet,  and  r  and  r'  tiie  semi-dia- 
meters of  the  Bun  and  the  planet 
lespectiTelj,  we  shall  have 


l=dy.- 


■r', 


by  which  formula  the  lengti  of  the  shadow  is  found  i 
semi-diameters  of  the  planet.  Now,  since  the  distance  of  the 
most  remote  satellite  is  not  so  much  as  27  semi-diemet«rs  of  the 
planet  (406),  and  since  the  orbits  of  the  satellites  are  almost  ex- 
actly in  the  plane  of  the  orbit  of  the  planet,  it  is  evident  tW^ 
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they  will  neceseaiily  pass  througli  the  shadow^  and  almost  tiiiOD^ 
its  axis,  eyeiy  revolution;  and  the  lengths  of  their  paths  in  tib 
shadow  will  be  very  little  less  than  the  diameter  of  the  planet 

The  fourth  satellite^  in  extremely  rare  cases^  pieeentB  an  excep- 
tion to  this,  passing  through  opposition  withuut  entering  tb 
shadow.  In  general,  however,  it  may  be  conaideied  that  aU  tiie 
satellites  in  opposition  pass  through  the  shadow. 

536.  BlIiDcts  of  interposition. — The  planet  and  satellites  ex- 
hibit, from  time  to  time,  four  different  effects  of  interpositioa. 

537.  1st.  Belipsosof  the  satelUtes. — These  take  place  wben 
the  satellites  pass  through  the  shadow  behind  the  planet.  Their 
entrance  into  the  shadow,  called  the  immernony  is  mazked  I7 
their  nearly  sudden  extinction.  Their  passage  out  of  the  shadow, 
called  their  emerwmj  is  manifested  by  their  being  suddenly  xe- 
lighted. 

538.  2nd.  Bclipses  of  tne  planet  by  tbe  satellltas. — When 
the  satellites,  at  the  periods  of  their  conjunctions,  pass  between  tiie 
lines  B  J  and  tf  f,  their  shadows  are  projected  on  the  suifiice  of  Hk 
planet  in  the  same  manner  as  the  shadow  of  the  moon  is  projected 
on  the  earth  in  a  solar  eclipse,  and  in^this  case  the  shadow  may  be 
seen  moving  across  the  disk  of  the  planet,  in  a  direction  parallel  to 
its  belts,  as  a  small,  roimd,  and  intensely  black  spot. 

539.  3rd.  Oecnltations  of  tne  satellites  by  tlie  lilancils 
When  a  satellite,  passing  behind  the  planet,  is  between  the  tangents 
£  J  a'  and  £  f  y,  drawn  from  the  earth,  it  is  concealed  fit>m  the 
observer  on  the  earth  by  the  interposition  of  the  body  of  the 
planet.  It  disappears  on  one  side  of  the  planet's  disk,  and  reap- 
pears on  the  other  side,  having  passed  over  that  part  of  its  orlMt 
which  is  included  between  the  tangents.  This  phenomenon  is  called 
an  occultation  of  the  satellite. 

540.  4th.  Transits  of  tne  satellites  over  tbe  planet. — 
When  a  satellite,  being  between  the  earth  and  planet,  passes 
between  the  tangents  £  J  and  £  j',  drawn  from  the  earth  to  the 
planet,  its  disk  is  projected  on  that  of  the  planet,  and  it  may  be 
seen  passing  across,  as  a  small  brown  spot,  brighter  or  darker  than 
the  ground  on  which  it  is  projected,  according  as  it  is  projected  on 
a  dark  or  bright  belt.  The  entrance  of  the  satellite  upon  the  disk, 
and  its  departure  from  it,  are  denominated  its  ingress  and  egress. 

541.  Pbenomena  predicted  in  Vautical  Almanac.  —  The 
limes  of  the  occurrence  of  all  these  several  phenomena  are  calculated 
and  predicted  with  the  greatest  precision,  and  may  be  found  regis- 
tered in  the  Nautical  Almanac,  with  the  diagrams  for  each  month 
to  aid  the  observer.  The  mean  time,  at  Greenwich,  of  the  eclipses 
of  the  satellites  is  there  accurately  given,  so  that  if  the  time  at 
which  any  of  them  are  observed  to  occur  in  any  other  place  be 
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noted^  the  difference  of  such  local  time  and  that  registered  in  the 
Almanac  will  give  the  longitude  of  the  place  east  or  west  of  the 
meridian  of  Greenwich.  The  observations  of  the  other  phenomena 
of  the  satellites  of  Jupiter  cannot  be  made  with  sufficient  accuracy, 
for  the  determination  of  differences  of  longitude. 

542.  Motion  of  Ufflit  dlscoToredf  and  its  Telooltj  mea- 
saredf  by  means  of  tbese  eclipses. — Soon  after  the  invention 
of  the  telescope,  Koemer,  an  eminent  Danish  astronomer,  engaged 
in  a  series  of  observations,  the  object  of  which  was  the  discovery  of 
the  exact  time  of  the  revolution  of  one  of  these  bodies  round 
Jupiter.  The  mode  in  which  he  proposed  to  investigate  this  was, 
by  observing  the  successive  eclipses  of  the  satellite,  and  noticing 
the  time  between  them. 

Now  if  it  were  possible  to  observe  accurately  the  moment  at 
which  the  satellite  would,  after  each  revolution,  either  enter  the 
shadow,  or  emerge  from,  it,  the  iaterval  of  time  between  these  events 
would  enable  us  to  calculate  exactly  the  velocity  and  motion  of  the 
satellite.  It  was,  then,  in  this  manner  that  Boemer  proposed  to 
ascertain  the  motion  of  the  satellite.  But,  in  order  to  obtain  this 
estimate  with  the  greatest  possible  precision,  he  proposed  to  con- 
tinue his  observations  for  several  months. 

Let  us,  then,  suppose  that  we  have  observed  the  time  which  has 
elapsed  between  two  successive  eclipses,  and  that  this  time  is,  for 
example,  forty-three  hours.  We  ought  to  expect  that  the  eclipse 
would  recur  after  the  lapse  of  every  successive  period  of  forty-three 
hours. 

Imagine,  then,  a  table  to  be  computed  in  which  we  shall  calcu- 
late and  register  beforehand  the  sidereal  time  at  which  every  suc- 
cessive eclipse  of  the  satellite  for  twelve  months  to  come  shall 
occur,  and  let  us  conceive  that  the  earth  is  at  £,  at  the  commence- 
ment of  our  observations :  we  shall  then,  as  Koemer  did,  observe 
the  times  at  which  the  eclipses  occur,  and  compare  them  with  the 
corresponding  times  registered  in  the  table. 

Let  the  earth,  therefore,  at  the  commencement  of  these  observa- 
tions, be  supposed  at  e,^.  65,  where  it  is  nearest  to  Jupiter. 
When  the  earth  has  moved  to  e'',  it  will  be  foimd  that  the 
occurrence  of  the  eclipse  is  a  little  later  than  the  time  registered  in 
the  table. 

As  the  earth  moves  firom  e'^  towards  E^^^,  Ihe  actual  occurrence 
of  the  eclipse  is  more  and  more  retarded  beyond  the  time  of  its 
computed  occurrence,  imtil  at  ^^^,  in  conjunction,  it  is  found  to 
occur  about  sixteen  minutes  later  than  the  calculated  time. 

By  observations  such  as  these,  Boemer  was  struck  with  the  fact 
that  his  predictions  of  the  eclipses  proved  in  every  case  to  be  wrong. 
It  would  at  first  occur  to  him  that  this  discrepancy  ought  acia& 
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from  some  errors  of  his  observatioiis ;  but,  if  sudi  were  the  case, 
it  might  be  expected  that  the  result  would  betray  that  kind  d 
irregularity  which  is  always  the  character  of  such  errora  Thas 
it  would  be  expected  that  the  predicted  time  would  sometimes  be 
later^  and  sometimes  earlier^  than  the  observed  time,  and  that  it 
would  be  later  and  earlier  to  an  irregular  extent.  Qn  the  contzsiT, 
it  was  observed;  that  while  the  eartii  moved  from  s  to  ^^',  the 
observed  time  was  continually  later  than  the  predicted  time,  and, 
moreover,  that  the  interval  by  which  it  was  later  oontannallj  and 
regularly  increased.  This  was  an  effect,  then,  too  regtOar  and 
consistent  to  be  supposed  to  arise  from  the  casual  eirors  of  ol)8e^ 
vation ;  it  must  have  its  origin  in  some  ph3r8ical  cause  of  a  regnlai 
kind. 

The  attention  of  Koemer  being  thus  attracted  to  the  questioD, 
he  determined  to  pursue  the  investigation  by  continuing  to  observe 
the  eclipses.  Time  accordingly  rolled  on,  and  the  earth,  transport- 
ing the  astronomer  with  it,  moved  from  e"'  to  e'. 

It  was  now  found,  that  though  the  time  observed  was  later  than 
the  computed  time,  it  was  not  so  much  so  as  at  e^^^  ;  and  as  the 
earth  again  approached  opposition,  the  difference  became  less  snd 
less,  imtil  on  arriving  at  E,  the  position  of  opposition,  the  observed 
eclipse  agreed  in  time  exactly  with  the  computation. 

f^om  this  course  of  observation  it  became  apparent  that  tlie 
lateness  of  the  eclipse  depended  altogether  on  the  increased 
distance  of  the  earth  from  Jupiter.  The  greater  that  distance,  the 
later  was  the  occurrence  of  the  eclipse  as  apparent  to  the  observers, 
and  on  calculating  the  change  of  distance,  it  was  found  that  the 
delay  of  the  eclipse  was  exactly  proportional  to  the  increase  of  the 
earth's  distance  from  the  place  where  the  eclipse  occurred.  Thus 
when  the  earth  was  at  e''^,  the  eclipse  was  observed  sixteen  minutes, 
or  about  looo  seconds  later  than  when  the  earth  was  at  e.  The 
diameter  of  the  orbit  of  the  earth,  e  e''',  measuring  about  two 
hundred  millions  of  miles,  it  appeared  that  that  distance  produced 
a  delay  of  a  thousand  seconds,  which  was  at  the  rate  of  two 
hundred  thousand  miles  per  second.  It  appeared,  then,  that  for 
every  two  himdred  thousand  miles  that  the  earth's  distance  from 
Jupiter  was  increased,  the  observation  of  the  eclipse  was  delayed 
one  second. 

Such  were  the  facts  which  presented  themselves  to  Hoemer. 
How  were  they  to  be  explained  ?  It  would  be  absurd  to  suppose 
that  the  actual  occurrence  of  the  eclipse  was  delayed  by  the  increased 
distance  of  the  earth  from  Jupiter.  These  phenomena  depend  only 
on  the  motion  of  the  satellite  and  the  position  of  ^Tupiter's  shadow, 
and  have  nothing  to  do  with,  and  can  have  no  dependence  on,  the 
position  or  motion  of  the  earth,  yet  unquestionably  thQ  time  they 
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appear  to  occur  to  an  observer  upon  the  earth,  has  a  dependence 
on  the  distance  of  the  earth  horn  Jupiter. 

To  solve  this  difficulty,  the  happy  idea  occurred  to  Roemer  that 
the  moment  at  which  we  see  the  extinction  of  the  satellite  by  its 
entrance  into  the  shadow  is  not,  in  any  case,  the  very  moment  at 
which  that  event  takes  place,  but  sometime  afterward,  viz.  such 
an  interval  as  is  sufficient  for  the  light  which  left  the  satellite  just 
before  its  extinction  to  reach  the  eye.  Viewing  the  matter  thus,  it 
will  be  apparent  that  the  more  distant  the  earth  is  firom  the 
satellite,  the  longer  will  be  the  interval  between  the  extinction  of 
the  satellite  and  the  arrival  of  the  last  portion  of  light  which  left 
it  at  the  earth  \  but  the  moment  of  the  extinction  of  the  satellite  is 
that  of  the  commencement  of  the  eclipse,  and  the  moment  of  the 
arrival  of  the  light  at  the  earth  is  the  moment  the  conmiencement 
of  the  eclipse  is  observed. 

Thus  Roemer,  with  the  greatest  felicity  and  success,  explained 
the  discrepancy  between  the  calculated  and  the  observed  times  of 
the  eclipses  \  but  he  saw  that  these  circumstances  placed  a  great 
discovery  at  his  hand.  In  short,  it  was  apparent  that  light  is 
propagated  through  space  with  a  certain  definite  speed,  and  that 
the  circumstances  we  have  just  explained  supply  the  means  of 
measuring  that  velocity. 

We  have  shown  that  the  eclipse  of  the  satellite  is  delayed  one 
second  more  for  every  two  hundred  thousand  miles  that  the  earth's 
distance  from  Jupiter  is  increased,  the  reason  of  which  obviously  is, 
that  light  takes  one  second  to  move  over  that  space ;  hence  it  is 
apparent  that  the  velocity  of  light  is  at  the  rate,  in  round  numbers, 
of  two  hundred  thousand  miles  per  second. 

By  more  exact  observation  and  calculation  the  velocity  is  found 
to  be  192,000  miles  per  second,  the  time  taken  in  crossing  the 
earth's  orbit  being  1 6"*  29»'6. 

543.  Eclipses  of  Saturn's  satellites  not  observable. — 
Owing  to  the  obliquity  of  the  orbits  of  the  Satumian  satellites  to 
that  of  the  primary,  eclipses  only  take  place  at  or  near  the  equinoxes 
of  the  planet,  the  satellites  revolving  nearly  in  the  common  plane 
of  the  equator  and  the  ring.  When  they  do  take  place,  these  eclipses 
are  so  difficult  of  observation  as  to  be  practically  useless  for  the 
determination  of  longitudes,  and  have,  consequently,  received  but 
little  attention. 

rV.  Tkinsits  of  the  Inteeiob  Plaitets. 

544.  Conditions  wfaiob  determine  a  transit.  —  When  an 
inferior  planet,  being  in  inferior  conjunction,  has  a  less  latitude  or 
distance  from  the  ecliptic  than  the  sun's  semi-diameter,  it  will  be 
less  distant  &om  the  sun's  centre  than  such  semi-diaixy^t/^ii^^si^^^sr^ 
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therefore  be  within  the  sun's  disk.  In  this  caae^  the  planet  bdng 
between  the  earth  and  sun,  its  dark  hemisphere  being  tamed 
.towards  the  earth,  it  will  appear  projected  upon  the  sun's  disk  u 
an  intensely  black  round  spot.  The  apparent  motion  of  the  planet 
being  then  retrograde,  it  will  appear  to  move  across  the  disk  of  the 
sun  from  east  to  west  in  a  line  sensibly  parallel  to  the  ecliptic. 

Such  a  phenomenon  is  called  a  iraitsit,  and  as  it  can  only  take 
place  with  planets  which  pass  between  the  earth  and  sui,  it  is 
limited  to  the  inferior  planets. 

545.  Zntervals  of  tbe  ooenrrenee  of  transtts.  —  The  tnuuits 
of  Mercury  and  Venus  are  phenomena  of  rare  occurrence,  espedallT 
those  of  Venus,  and  they  are  separated  by  very  unequal  intemis. 
The  following  are  the  dates  of  ike  successiye  transits  of  Mezcuy 
from  1 845  to  the  end  of  the  present  centuiy :  — 


1845 
1848 
1861 
1868 
1878 


May   8. 

Not.  9. 
Not.  II, 
Not.  4. 
May    6. 


Those  of  Venus  occur  only  at  intervals  of  8,  122,  8,  loc,  8,  liti 
&c.  years ;  the  last  occurred  in  1 769.  Two  only  -will  t«ie  place 
in  the  present  century — on  the  8th  of  December,  1874,  ^^^  ® 
the  6th  of  December,  1882. 

546.  Tbe  snn's  distance  determined  by  tbe  transit  of 
Venus.  —  The  transits  of  Venus  have  acquired  immense  intei«st 
and  importance,  from  the  circimistance  of  their  supplying  data 
by  which  the  sun's  distance  from  the  earth  can  be  determined  with 
far  greater  precision  than  by  any  other  known  method.  The  transits 
of  Mercury  would  supply  like  data,  but  owing  to  the  greater 
distance  of  that  planet  from  the  earth  when  in  inferior  conjunctioii, 
the  conditions  affectiag  the  data  are  not  nearly  so  favourable  as 
those  supplied  by  Venus. 

The  transit  of  Venus  on  the  3rd  of  June,  1 769,  was  considered 
of  sufficient  importance  for  sending  out  an  astronomical  expedition 
to  Otaheite,  in  the  Pacific  Ocean,  for  the  purpose  of  obtainiiig 
observations  of  this  rare  phenomenon  at  a  distant  part  of  the 
globe,  which  would  supply  the  necessary  data,  in  conjunction  with 
those  found  from  observations  in  other  localities,  for  ascertaining 
the  amount  of  the  sun's  parallax.  This  expedition  was  tinder  the 
command  of  the  celebrated  Captain  Cook.  The  French,  Kussian, 
and  other  governments  also  fitted  out  expeditions  in  the  most 
liberal  manner,  which  were  sent  to  various  parts  of  the  globe. 

On  a  comparison  of  all  the  observations,  it  was  found  that  they 
gave  8''-5776  as  the  value  of  the  sun's  horizontal  parallax,  or 
1 7^^'i  552  AS  the  angle  which  the  earth's  diameter  subtends  at  the 
Bun, 
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The  details  of  this  celebrated  problem  of  the  determination  of 
the  sun's  parallax^  by  observations  of  the  transit  of  Venus  across 
i[  the  solar  disk^  are  much  too  complicated,  and  inyolve  calculations 
1;  too  long  and  intricate  to  be  explained  here,  the  limited  extent  of 
this  volume  forbidding  explanations  which  require  much  space  in 
their  elucidation. 

V.   OCCTTLTATIONS. 

547.  Oocnltatioii  defined. — When  any  celestial  object,  the 
sun  excepted,  is  concealed  by  the  interposition  of  another,  it  is  sud 
to  be  occTTLTEB,  and  the  phenomenon  is  called  an  occttltahon. 

Strictly  speaking,  a  solar  eclipse  is  an  occultation  of  the  sun  by 
the  moon,  but  usage  has  given  to  it,  by  exception,  the  name  of  an 
eclipse. 

548.  Ooonltatioiie  by  tbe  moon.  —  The  phenomena  of  this 
class  which  possess  greatest  astronomical  interest  are  those  of  stars 
and  planets  by  the  mo6n.  That  body,  measuring  about  half  a 
degree  in  diameter,  moves  in  her  montidy  course  so  as  to  occult 
every  object  on  the  firmament  which  is  included  in  a  zone  extending 
to  a  quarter  of  a  degree  at  each  side  of  the  apparent  path  of  her 
centre.  AH  the  stars  whose  places  lie  in  this  zone  are  successively 
occulted,  and  disappearances  and  reappearances  of  the  more  con- 
spicuous ones,  as  well  as  those  of  the  planets  which  may  be  found 
within  the  limits  of  the  same  zone,  present  some  of  the  most 
striking  effects  which  are  witnessed  by  observers. 

The  astronomical  amateur  will  find  in  the  Nautical  Almanac  a 
table  in  which  all  the  principal  occultations,  both  of  stars  and 
planets,  are  predicted.  • 

The  disappearance  takes  place  always  at  the  limb  of  the  moon, 
which  is  presented  in  the  diction  of  its  motion. 

From  the  epoch  of  full  moon  to  that  of  new  moon  the  moon 
moves  with  the  enlightened  edge  foremost,  and  from  new  moon  to 
full  moon  with  the  dark  edge  foremost.  During  the  former  inter- 
val, therefore,  the  objects  occulted  disappear  at  the  enlightened 
edge,  and  reappear  at  the  dark  edge,  and  during  the  latter  period 
they  disappear  at  the  dark,  and  reappear  at  the  enlightened  edge. 

The  disappearances  and  reappearances  when  the  moon  is  a 
crescent  are  especially  remarkable.  K  the  disappearance  take  place 
at  the  convex  edge,  notice  of  its  approach  is  given  by  the  visible 
proximity  of  the  star,  which,  at  the  moment  of  contact,  is  suddenly 
extinguished.  Its  reappearance  is  more  startling,  for  it  seems  to  be 
suddenly  lighted  up  at  a  point  of  the  firmament  nearly  half  a  degree 
from  the  concave  edge  of  the  crescent.  If  the  disappearance  take 
place  at  the  dark  edge  it  is  much  more  striking,  the  star  appearing 
to  "  go  out  **  of  itself  at  a  point  of  the  sky  where  nothing  interferes 
with  it. 
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When  stars;  however^  are  of  less  magnitude  than  the  fifUi,  tlie 
oyerpowering  light  of  the  moon  makes  the  stax  invisible  before 
the  occultation  takes  place  at  the  enlightened  edge.  At  the  le- 
appearance  the  same  effect  is  produced^  the  star  before  becoming 
visible  is  frequently  some  distance  from  the  bright  limb  of  the 
moon.        ' 

The  moon's  horizontal  parallax  amounting  to  nearly  twice  its 
diameter;  the  part  of  the  firmament  on  which  it  is  projected  and 
which  is  its  apparent  place^  differs  at  different  parts  of  the  eartL 
In  different  latitudes  the  moon,  therefore,  in  the  course  of  the  month 
appears  to  traverse  different  zones  of  the  firmament,  and  consequently 
to  occult  different  stars.  Stars  which  are  occulted  in  certain  lati- 
tudes are  not  occulted  at  ail  at  others,  and  of  those  which  are 
occulted,  the  durations  of  the  occultation  and  the  moments  and 
places  of  disappearance  and  reappearance  are  different. 

To  render  this  more  intelligible,  letN  8,^.  92,  represent  the 
jearth,  n  being  its  north,  and  s  its  south  pole.  Let  m  mf  represent 
the  moon,  and  m*  and  m'  *  the  direction  of  a  star  which  is  occulted 

by  it.  It  must  be  observed  that  the 
,y  «  distance  of  the  star  being  practically  in- 
finite compared  with  the  diameter  of 
the  moon,  the  lines  m*  and  m'  *  aie 
parallel.  Let  these  lines  be  supposed  to 
be  contiaued  to  meet  the  earth  at  I  and  f . 
Let  similar  lines,  parallel  to  these,  be 
imagined  to  be  drawn  through  all  points 
of  a  section  of  the  moon  made  by  a  plane 
at  right  angles  to  the  direction  of  the 
star  passing  through  the  moon's  centre. 
Such  lines  would  form  a  cylindrical  sur- 
face, the  base  of  which  would  be  the 
section  of  the  moon,  and  it  would  be 
intersected  by  the  surface  of  the  earth, 
a  portion  of  which  would  be  included 
within  it,  one-half  of  which  is  re- 
presented by  the  darkly  shaded  part  of 
the  earth  between  /  and  /'.  It  is  dear 
that  the  star  will  be  occulted  by  the 
moon  to  all  observers  situated  within 
this  space. 

While  this  cylindrical  space  is  car- 
ried by  the  moon's  orbital  motion  from 
west  to  east,  the  surface  of  the  earth  in- 
cluded between  the  parallels  of  latitude  I  n  and  V  n'j  is  also  earned 
from  yre^  to  east,  but  mucii  moieto.'^ldly,  by  the  diurnal  rotation; 


Fig.  91. 
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so  that  the  places  between  these  parallels  are  continaally  overtaking 
the  cylindrical  space  which  limits  the  occultation. 

It  is  evident  that  beyond  /  n  and  V  nfy  whioh  are  called  the 
'^  limiting  parallels,"  no  occultation  can  take  place.  At  I  and  V 
the  star  is  seen  just  to  touch  the  moon's  limb  without  being  occulted, 
but  within  those  limits  it  will  be  occulted.  The  middle  parallel, 
0  0'  between  the  limited  parallels,  is  that  at  which  a  central  occul- 
tation is  seen,  and  where  therefore  the  duration  is  greatest.  The 
occultation  may  be  seen  firom  any  place  upon  the  earth  which 
lies  within  the  shaded  zone,  and  wW,  be  seen  provided  the  pheno- 
menon occur  during  the  night,  and  that  the  star  at  the  time  be 
above  the  horizon  at  such  an  altitude  as  to  render  the  event 
observable. 

In  the  Nautical  Almanac  these  '^ limiting  parallels''  for  every 
conspicuous  occultation  are  tabulated,  as  well  as  the  data  neces- 
sary to  enable  an  observer  at  any  proposed  latitude  to  ascertain 
previously  whether  any  particular  occultation  will  be  observable. 

549.  Beterminatton  of  longrttudes  by  lunar  oemiltatioBa» 
—  In  common  with  all  phenomena  which  can  be  exactiy  predicted, 
and  whose  manifestation  is  instantaneous,  occultations  of  stars  by 
the  moon  are  eminentiy  useful  for  the  exact  determination  of 
longitudes.  The  frequency  of  their  occurrence  greatiy  increases 
their  utility  in  this  respect,  and,  although,  for  nautical  purposes, 
the  observer  cannot  always  choose  his  time  of  observation,  and' 
therefore  cannot  be  left  dependent  on  them,  they  come  in  aid  of 
the  lunar  method  as  verifications ;  and  for  geographical  purposes 
on  land,  are  among  the  best  means  which  science  has  supplied. 
The  times  of  the  disappearance  and  reappearance  as  given  in  tiie 
Nautical  Almanac  being  only  approximate,  it  is  necessary  to 
compare  the  times  as  observed  at  any  particular  station  with  that 
observed  at  another  station,  as  at  Greenwich  for  example,  from 
which  the  difference  of  longitude  of  the  two  places  is  inferred. 

550.  Oocoltatioiis  indleate  tlie  presence  or  absence  of  an 
atmospbere  around  tbe  oecnltlnff  body.  —  When  a  star  is 
occulted  by  the  disk  of  the  moon  or  planet,  its  brightness,  pre- 
viously to  its  disappearance,  would  be  more  or  less  dimmed  by  the 
atmosphere  surrounding  such  object,  if  it  existed.  Such  a  gra- 
dual decrease  of  brightness  previously  to  disappearance,  as  well  as 
a  like  increase  of  brightness  after  reappearance,  has  been  observed 
in  occultations  by  the  disks  of  planets,  but  never  by  the  disk  of  the 
moon. 

It  is  hence  inferred  that  the  planets  have,  and  the  moon  has  not, 
an  atmosphere. 

It  might  be  objected,  that  the  lunar  atmosphere  may  not  have 
sufficient  density  to  produce  any  sensible  diminution  of  brightnes&«> 

Y  3 


( 


326  ASTRONOMY. 

Another  test  has,  however^  been  found  in  the  efiect  "wliich  tiie 
refraction  of  an  atmosphere  would  have  in  decreasing^  the  duratiai 
of  an  occultation.  No  such  decrease  being  observed,  it  is  infeired 
that  no  atmosphere  exists  around  the  moon. 

551.  SlnffolarvislbWtj  of  astaraftertbe  comaieBeeiiiMrt 
of  ooenltatloii.  —  Some  observers,  of  sufficient  ifveight  and  autho- 
rity to  command  general  confidence,  have  occasionally  witnesBed 
a  phenomenon  in  occultations  known  as  the  projection  c^  a  star  on 
the  cUsk  of  the  moon.  According  to  them,  it  sometinieB  haroens 
that  after  the  occulted  star  has  apparently  passed  behind  the  hnb 
of  the  moon  it  continues  to  be  seen,  and  even  for  some  seoondi, 
notwithstanding  the  actual  interposition  of  the  body  of  the  mooo. 
K  this  be  not  an  optical  illusion,  and  if  the  visual  rays  actoaUj 
come  straight  to  the  observer,  they  must  pass  through  a  deep 
fissure  in  the  moon.  Such  a  supposition  is  compatible  only  witii 
the  rare,  and  apparently  fortuitous,  occurrence  of  the  phenomenoo. 
The  general  opinion  of  astronomers,  however,  is  that  the  phoio- 
menon  of  the  projection  of  a  star  on  the  moon's  disk  rism  he  ex- 
plained in  most  cases  by  the  general  principles  of  irradiation. 
This  singular  visibility  of  a  star  after  the  commencement  of  the 
occultation,  would  obviously  be  a  direct  consequence  of  irradiation, 
if  we  assume  that  the  image  of  the  moon's  limb  is  sometimes 
spuriously  enlarged  by  some  optical  defect  in  the  instrument  or 
the  observer,  and  that  the  image  of  the  star  is  therefore  seen 
through  this  imperfect  limb,  being  really  a  false  impression  gd. 
the  visual  organs  of  the  observer,  created  by  the  above  defect 

In  the  Memoirs  of  the  Royal  Astronondcal  Sociefy,  vol.  zzvuL, 
the  Astronomer  Koyal  has  treated  this  subject  at  some  length,  and 
has  collected  every  reliable  instance  of  recorded  projection  of  a 
star  on  the  moon's  disk.  From  1699  to  1857,  seventy-four 
cases  have  been  noticed  by  astronomers  of  various  countries,  and 
of  the  highest  authority.  Mr.  Airy  remarks  that,  '^  It  is  to  be  con- 
ceived that  every  luminous  point  of  the  moon's  disk  is  accompanied 
with  a  system  of  rings  j  and  therefore,  that  the  aggregate  of  light 
produced  by  the  aggregate  of  all  the  luminous  points  of  the  moon's 
disk,  is  not  a  luminous  image  bounded  by  a  sharp  outline  at  what 
we  consider  the  geometrical  outline  of  the  image,  but  that  the  geo- 
metrical outline  is  fringed  by  a  band  of  illumination,  produced  by 
the  interlacing  and  superposition  (not  interference)  of  all  the  systems 
of  rings ;  and  as  the  light  from  the  difierent  sources  is  actually  super- 
posed and  aggregated,  it  is  certain  that  there  must  be  a  considerable 
quantity  of  light  external  to  the  geometrical  limb ;  and  when,  with 
a  very  fine  telescope,  we  see  the  moon's  limb  very  sharply  defined, 
and  apparently  surrounded  by  immediate  darkness,  we  do  in  reality 
see  it  erroneously.  Probably  some  operation  of  the  mind,  under  the 
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conviction  that  the  outline  of  light  ought  to  fall  in  a  given  curve^ 
acts  on  the  animal  faculty  of  sensation  so  as  to  incapacitate  the 
visual  organs  from  perceiving  the  fainter  light  beyond  that  curve.'' 
Mr.  Airy  considers  that  his  explanations  of  these  curious  pheno- 
mena bring  them  under  the  general  category  of  irradiation.  But 
it  is  a  kind  of  irradiation  which  exists  at  one  time  but  not  at 
another^  which  is  seen  at  the  same  place  by  one  observer^  but  is 
unnoticed  by  others,  and  that  sometimes  it  remains  apparently 
constant  for,  at  least,  several  seconds  of  time,  and  sometimes 
varies  from  instant  to  instant.  These  phenomena,  however,  form 
an  interesting  subject  for  future  investigation. 

552.  Snnrested  applieatton  of  Imiar  oocnltattons  to  resolve 
doable  Stan.  —  Sir  J.  Herschel  thinks  that  these  occultations 
would  supply  means  of  ascertaining  the  double  character  of  some 
stars,  the  individuals  suspected  to  compose  which  are  too  close 
together  to  be  divided  by  any  telescope.  He  thinks,  nevertheless^ 
that  they  might  disappear  in  perceptible  succession  behind  the 
edge  of  the  moon's  disk.  It  does  not  seem  to  be  easy  to  conceive 
how  such  an  effect  can  be  expected  in  a  case  where  the  most 
powerful  telescopes  have  failed  to  resolve  the  stars. 

553.  Ooonltattons  by  Sattum's  liiiffs.  —  In  the  case  of  stars 
occidted  by  Saturn's  rings,  a  reappearance  and  second  disappear- 
ance may  be  seen  in  the  open  space  between  the  ring  and  the 
planet.  It  has  been  affirmed  also,  that  a  momentary  reappearance 
of  a  star,  in  the  space  which  intervenes  between  the  rings,  has  been 
witnessed.  This  observation  does  not,  however,  seem  to  have  been 
repeated,  notwithstanding  the  recent  improvements  in  the  telescope, 
and  the  increased  number  of  observers.  The  passage  of  tiie 
planet,  in  a  favourable  phase  of  the  ring,  through  the  neighbour- 
hood of  the  milky  way,  which  is  so  thickly  strewed  with  stars, 
would  afford  an  opportunity  of  testing  this,  and  might  also  supply 
decisive  evidence,  positive  or  negative,  upon  the  question  of  the 
existence  of  more  than  two  concentric  rings.  If  other  black  streaks 
seen  upon  the  surface  of  the  ring  be,  like  the  principal  one,  real 
openings  between  a  multiple  system  of  rings,  the  stars  sprinkled 
in  such  countless  numbers  over  the  regions  of  the  galaxy,  and  the 
adjacent  parts  of  the  firmament,  would  be  seen  to  flash  between 
ring  and  ring,  as  the  planet  passes  before  them.  Such  observations, 
however,  would  require  in  the  telescope  the  very  highest  attainable 
degree  of  optical  perfection. 
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CHAPTER  XVHL 

COMETS. 
I.   COMEIABY  ObBITS. 

554.  Vresolenee  of  the  astronomer. —  For  tlie  civil  and  poli- 
tical historian  the  past  alone  has  existence — the  present  he  laie^ 
apprehends ;  the  future  never.    To  the  historian  of  science  it  is 
permitted^  however^  to  penetrate  the  depths  of  past  and  future  with 
equal  clearness  and  certainty :  facts  to  come  are  to  him  as  prese&t 
and  not  unfrequently  more  assured  than  facts  which,  are  paseei 
Although  this  clear  perception  of  causes  and  consequences  cha- 
racterises the  whole  domain  of  physical  science,  and  clothes  tb 
natural  philosopher  with  powers  denied  to  the  political  and  monl 
inquirer,  yet  foreknowledge  is  eminently  the  privilege  of  the 
astronomer.    Nature  has  raised  the  curtain  of  futurity,  and  dis- 
played hefore  him  the  succession  of  her  decrees,  so  far  as  they  a£feet 
the  physical  universe,  for  countless  ages  to  come  5  and  the  revela- 
tions of  which  she  has  made  him  the  instrument,  are  supported  and 
verified  hy  a  never-ceasing  train  of  predictions  fulfilled.     He 
''shows  us  the  things  which  will  be  hereafter,"  not  obscuielj 
shadowed  out  in  figures  and  in  parables,  as  must  necessarily  be  the 
case  with  other  revelations,  but  attended  with  the  most  minute 
precision  of  time,  place,  and  circumstance.    He  converts  the  hours 
as  they  roll  into  an  ever-present  miracle,  in  attestation  of  those 
laws  which  his  Creator  through  him  has  unfolded ;  the  sun  cannot 
rise — the  moon  cannot  wane — a  star  cannot  twinkle  in  the  fir- 
mament, without  bearing  witness  to  the  truth  of  his  prophetic 
records.    It  has  pleased  the  "  Lord  and  Governor ''  of  the  world, 
in  His  inscrutable  wisdom,  to  baffle  our  inquiries  into  the  nature 
and  proximate  cause  of  that  wonderful  faculty  of  intellect — that 
image  of  his  own  essence  which  he  has  conferred  upon  us ;  nay, 
the  springs  and  wheelwork  of  animal  and  vegetable  vitality,  are 
concealed  from  our  view  by  an  impenetrable  veil,  and  the  pride  of 
philosophy  is  humbled  by  the  spectacle  of  the  physiologist  bending 
in  fruitless  ardour  over  the  dissection  of  the  human  brain,  and 
peering  in  equally  unproductive  inquiry  over  the  gambols  of  an 
animalcule.    But  how  nobly  is  the  darkness  which   envelopes 
metaphysical  inquiries  compensated  by  the  flood  of  light  which  is 
shed  upon  the  physical  creation  I     There  all  is  harmony,  and  order, 
and  majesty,  and  beauty.    From  the  chaos  of  social  and  political 
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phenomena  exhibited  in  human  records — phenomena  unconnected 
to  our  imperfect  vision  by  any  discoverable  law^  a  war  of  passions 
and  prejudices,  governed  by  no  apparent  purpose,  tending  to  no 
apparent  end,  and  setting  all  inteHigible  order  at  defiance — how 
soothing  and  yet  how  elevating  it  is  to  turn  to  the  splendid 
spectacle  which  offers  itself  to  the  habitual  contemplation  of  the 
astronomer  1  How  favourable  to  the  development  of  all  the  best 
and  highest  feelings  of  the  soul  are  such  objects !  the  only  passion 
they  inspire  being  the  love  of  truth,  and  the  chiefest  pleasure  of 
their  votaries  arising  from  excursions  tiirough  the  imposing  scenery 
of  the  universe — scenery  on  a  scale  of  grandeur  and  magnificence 
compared  with  which  whatever  we  are  accustomed  to  call  sub- 
limity on  our  planet  dwindles  into  ridiculous  insignificancy.  Most 
justly  has  it  been  said,  that  nature  has  implanted  in  our  bosoms  a 
craving  after  the  discovery  of  truth,  and  assuredly  that  glorious 
instinct  is  never  more  irresistibly  awakened  than  when  our  notice 
is  directed  to  what  is  going  on  in  the  heavens.  ^^  Quoniam  eadem 
Natura  cupiditatem  ingenuit  hominibus  veri  inveniendi,  quod 
facillime  apparet,  cum  vacui  cuns,  etiam  quid  in  coelo  fiat,  scire 
avemus ;  his  initiis  inducti  omnia  vera  diligimus ;  id  est,  fidelia, 
simplicia,  constantia ;  tum  vana,  falsa,  fallentia  odimus.''  * 

555.  Strikingly  lllnstrated  by  oometary  dlseovery. — Such 
reflections  are  awakened  by  every  branch  of  the  science  which  now 
engages  us,  but  by  none  so  strongly  as  by  the  history  of  cometary 
discovery.  No  where  can  be  found  so  marvellous  a  series  of  phe- 
nomena foretold.  The  interval  between  the  prediction  and  its  ful- 
filment has  sometimes  exceeded  the  limits  of  human  life,  and  one 
generation  has  bequeathed  its  predictions  to  another,  which  has 
been  filled  with  astonishment  and  admiration  at  witnessing  their 
literal  accomplishment. 

556.  Motion  of  comets  explained  by  gravitatlom — In  the 
vast  framework  of  the  theory  of  gravitation  constructed  by  Newton, 
places  were  provided  for  the  airangement  and  exposition  not  only  of 
all  the  astronomical  phenomena  which  the  observation  of  all  pre- 
ceding generations  had  supplied,  but  also  for  a  fu  greater  mass  which 
the  more  fertile  and  active  research  of  the  generations  which  suc- 
ceeded him  have  furnished.  By  this  theoiy,  as  we  have  seen,  all 
the  known  planetary  motions  were  explained,  and  planets  previously 
unseen  were  felt  by  their  effects,  their  places  ascertained,  and  the 
telescope  of  the  observer  guided  to  them. 

But  transcendently  the  greatest  triumph  of  this  celebrated  theory 
was  the  exposition  it  supplied  of  the  physical  laws  which  govern  the 
motions  of  comets  as  distinguished  from  those  which  prevail  among 
the  planets. 

*  CicevQi  Dejinihus  Bonorumet  MahrunifiL  i^ 
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Jjy.  oondMona  tmpaa«d  on  Iba  orbita  of  Oodles  wkblh  an 
mlijeot  M  taa  snrmotion  or  craTitatton.  —  It  is  pmred  iDtlv 
propositions  demonstrated  in  the  lirst  book  of  Nsn^n's  Piimdiu, 
-which  proposition  B  form  in  substance  the  ground-work  of  the  entin 
theory  of  gravitation,  that  a  bodj  which  is  under  the  inBataice  of  i 
central  force,  the  intensity  of  which  decreases  as  tbe  aquare  of  the 
diatoQce  increases,  must  move  in  one  or  other  of  the  cnrvea  hnowg 
t4)  geometere  aathe"coRio  bechoss,"  being  those  irhichuefbnnad 
by  the  intersection  of  the  surface  of  a  cone  by  a  plane,  and  that  tin 
centre  of  attraction  must  be  in  the  pocus  of  the  curre ;  and  in  <aia 
^  to  prove  tiiat  such  cams  an 
compatible  witii  no  othn'  1» 
of  attractjon,  and  msjt^erafbn 
be  talien  as  conclusiTB  eridou 
of  the  eziftenca  of  thii  law,  it 
is  further  denioiirtrat«d  tlut 
whenever  a  body  is  obaerred 
to  move  Tonnd  a  centre  of  at- 
traction in  any  one  of  tluw 
cturesj  that  centre  being  tU 
focus,  the  law  of  the  attnJctioa 
will  be  that  of  giHTitation ;  tiut 
is  to  say,  its  intenaily  will  viiy 
in  the  inverse  pToportion  of  Am 
square  of  the  distance  of  Qu 
movii^  body  from  the  centn  of 

Subject  to  these  limitations, 
however,  a  body  may  movs 
round  the  sun  in  any  orbit,  at 
any  distance,  in  any  plane,  and 
in  any  direction  whaterer.  It 
may  describe  an  ellipse  of  any 
escentricity,  from  a  perfect 
circle  to  the  most  elongated 
oval.  This  ellipse  may  be  in 
any  plane,  from  that  of  the 
ecliptic  to  one  at  right  angles 
to  it,  and  the  body  may  more 
in  such  ellipses  either  in  the 
same  direction  as  the  earth  or 
in  the  contrary  direction.  Or 
the  body  thus  subject  to  solar 
parabola  with  its  point  of  peiihelion  at 


attraction  may  move 

any  distance  whatever  from 


e  sun,  either  grazing  its  Teiy  aur&ce 
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or  sweeping  beyond  the  orbit  of  Ndptune,  or,  it  may  sweep  round 
the  sun  in  an  hyperbola,  entering  and  leaving  the  system  in  two 
divergent  directions. 

To  render  these  explanations,  which  are  of  the  greatest  interest 
and  importance  in  relaticm  to  the  subject  of  comets,  more  dearly 
understood,  we  have  represented  in^.  93,  the  forms  of  a  very  ex- 
centric  ellipse,  a  6  o^  y,  a  parabola  app%  and  an  hyperbola  a  h  h% 
having  8  as  their  common  focus,  and  it  will  be  convenient  to  ex- 
plain in  the  first  instance  the  relative  magnitude  of  some  important 
lines  and  distances  connected  with  tiiese  orbits. 

558.  Blliptle  orbits*— Ellipses  or  ovals  vaiy  without  limit, 
in  their  excentricity.  A  circle  is  regarded  as  an  ellipse  whose 
excentriciiy  is  nothing.  The  orbits  of  the  planets  generally  are 
ellipses,  but  having  excentricities  so  small  that,  if  described  on  a 
large  scale  in  their  proper  proportions  on  paper,  they  would  be 
distinguishable  from  aides  only  by  measuring  accurately  the  di- 
mensions taken  in  different  directions,  and  Ihus  ascertaining  that 
they  are  longer  in  a  certain  direction  thaa  in  another  at  right 
angles  to  it.  A  veiy  excentric  and  oblong  ellipse  is  delineated  iu 
Jiff.  93,  of  which  a  a^  is  the  major  axis.  The  focus  being  «,  the 
perihelion  distance  ib  sa,  and  ihe  aphelion  distance  \b  s  (/,  the 
mean  distance  a  being  8  c,  or  half  the  major  axis. 

If  a  body  move  in  a  very  excentric  ellipse,  such  as  that  represented 
in^.  93,  whose  plane  coincides  exactly  or  nearly  with  the  common 
plane  of  Ihe  planetary  orbits,  it  may  intersect  the  orbits  of  several 
or  all  of  the  planets,  as  it  is  represented  to  do  in  the  ^gvae,  although 
its  mean  distance  £rom  the  sun  may  be  less  than  the  mean  distance 
of  several  of  those  which  it  thus  intersects.  The  aphelion  distance 
of  such  a  body  may,  therefore,  greatly  exceed  that  of  any  planet ; 
while  its  mean  distance  may  be  less  than  that  of  the  more  distant 
planets. 

559.  Varabolio  orbits* — The  form  of  a  parabolic  orbit  having 
the  same  perihelion  distance  as  the  elliptic  orbit  is  represented  at 
a  pp,  mjiff,  93.  This  orbit  consists  of  two  indefinite  branches, 
similar  in  form,  which  unite  at  perihelion  a.  Departing  from  this 
point  on  opposite  sides  of  the  axis  a  a',  their  curvature  regularly 
and  rapidly  decreases,  being  equal  at  equal  distances  from  peri- 
helion. The  two  branches  have  a  constant  tendency  to  assume  the 
direction  and  form  of  two  straight  lines  parallel  to  the  axis  a  cC. 
To  actual  parallelism,  and  still  less  to  convergence,  these  branches, 
however,  never  attain,  and  consequently  they  can  never  reunite. 
They  extend,  like  pandlel  straight  lines,  to  an  unlimited  distance 
without  ever  reuniting,  but  assuming  directions  when  the  distance 
from  the  focus  bears  a  high  ratio  to  the  perihelion  distance,  which 
are  practically  undistinguishable  from  parallelism. 
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One  parabolic  orbit  differs  from  another  in  ita  perihelion  distaoce. 
The  lees  this  distance  is,  the  less  will  be  the  separatioii  at  a  pm 
distance  from  s  between  the  parallel  directions  to  -wliicli  the  inde- 
finite branches  p  p'  tend.  This  distance  maj  have  any  nmgniiiiap. 
The  body  in  its  perihelion  may  graze  the  surface  of  the  son,  a 
may  pass  at  a  distance  from  it  greater  than  that  of  the  most  remote 
of  the  planets^  so  that,  although  it  be  subject  to  solar  attzaction,it 
would  in  that  case  never  enter  within  the  limits  of  the  s(dar  system 
atalL 

A  body  moving  in  such  an  orbit,  therefore,  would  not  make,  like 
one  which  moves  in  an  ellipse,  a  succession  of  revolutions  round  tiie 
sun ;  nor  can  the  term  periodic  time  be  applied  at  all  to  its  motion 
It  enters  the  system  in  some  definite  direction,  such  Bsj/py  asindi- 
cated  by  the  arrow,  from  an  indefinite  distance.  Arriving  within  titf 
sensible  influence  of  solar  gravitation,  the  efiects  of  this  attzactioD 
are  manifested  in  the  curvation  of  its  path,  which  giaduallj  incieMes 
as  its  distance  from  the  sun  decreases,  until  it  arrives  at  perihelioD, 
where  the  attractive  force,  and  consequently  the  curvature  atttis 
their  maxima.  The  extreme  velocity  which  the  bodv  attains  at 
this  point  produces,  in  virtue  of  the  inertia  of  the  moving  mass, « 
centrifugal  force,  which  counteracts  the  gravitation,  and  the  bo^, 
after  passing  perihelion,  begins  to  retreat;  the  solar  giavitatioo 
and  the  curvature  of  its  path  decreasing  together,  luitil  it  issues 
from  the  system  in  a  direction  p  f/y  as  indicated  by  the  anows, 
which  is  nearly  a  straight  line,  and  parallel  to  that  in  which  it 
entered.  In  such  an  orbit  a  body  therefore  visits  the  system  but 
once.  It  enters  in  a  certain  direction  from  an  indefinite  distance, 
and,  passing  through  its  perihelion,  issues  in  a  parallel  direction, 
passing  to  an  unlimited  distance,  never  to  return. 

560.  Bsrperbolio  orbits. — This  class  of  orbits,  like  the  para^ 
bolas,  consist  of  two  indefinite  branches,  which  unite  at  perihelion, 
which  at  equal  distances  fix)m  perihelion  have  equal  curvatures,  and 
which,  as  the  distance  from  perihelion  increases,  approach  inde- 
finitely in  direction  and  form  to  straight  lines,  but,  unlike  Ae 
parabolic  orbits,  the  straight  lines  to  whose  direction  the  two 
branches  approximate  are  divergent  and  not  parallel. 

Such  an  orbit  having  the  same  perihelion  distance  as  the  ellipse 
and  parabola,  is  represented  by  a  A  h\ 

In  the  Jig,  93,  the  orbits  circular,  elliptic,  parabolic,  and  hyper- 
bolic, are  necessarily  represented  as  being  all  in  the  same  plane.  It 
must,  however,  be  understood,  that,  so  far  as  any  conditions  are 
imposed  upon  them  by  the  law  of  gravitation,  they  may  severally 
be  in  any  planes  whatever,  inclined  each  to  the  other  at  any 
angles  whatever  from  0°  to  90°,  with  their  mutual  intersections 
or  lines  of  nodes  in  any  directions  whatever,  and  that  the  bodies 
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may  move  in  these  several  orbits^  in  any  directionS|  how  opposed 
soever  to  each  other. 

561.  Vlanets  observe  in  tbeir  motloiis  order  not  exacted 
by  the  law  of  gravltatloiu — When  the  theory  of  gravitation 
was  first  propounded  by  its  illustrious  author^  no  other  bodies^  save 
the  planets  and  satellites  then  discovered,  were  known  to  move 
under  the  influence  of  such  a  central  attraction.  These  bodies, 
however,  supplied  no  example  of  the  play  of  that  celebrated  theory 
in  its  full  latitude.  They  obeyed,  it  is  true,  its  laws,  but  they  did 
much  more.  They  displayed  a  degree  of  harmony  and  order  far 
exceeding  what  the  law  of  gravitation  exacted.  Permitted  by  that 
law  to  move  in  any  of  the  three  classes  of  conic  sections,  their  paths 
were  exclusively  elliptical;  permitted  to  move  in  ellipses  in- 
finitely various  in  their  excentricities,  they  moved  exclusively  in  such 
as  differed  almost  insensibly  from  circles ;  permitted  to  move  at 
distances  subordinated  to  no  regular  law,  they  moved  in  a  series  of 
orbits  at  distances  increasing  in  a  regular  progression;  permitted  to 
move  at  all  conceivable  angles  with  the  plane  of  the  ecliptic,  their 
paths  are  inclined  to  it  at  angles  limited  in  general  to  a  few  degrees ; 
permitted,  in  fine,  to  move  in  either  direction,  they  all  agreed  in 
moving  in  the  direction  in  which  the  earth  moves  in  its  annual 
course. 

Accordance  so  wonderful  and  order  so  admirable,  could  not  be 
fortuitous,  and,  not  being  enjoined  by  the  conditions  of  the  law 
of  gravitation,  must  either  be  ascribed  to  the  immediate  dictates  of 
the  Omnipotent  Architect  of  the  universe  above  all  general  laws,  or 
to  some  general  laws  superinduced  upon  gravitation,  which  had  es- 
caped the  sagacity  of  the  discoverer  of  that  principle.  If  the  former 
supposition  were  adopted,  some  bodies,  different  in  their  physical 
characters  from  the  planets,  primary  and  secondary,  and  playing 
different  parts  and  fulfilling  different  functions  in  the  economy  of  the 
imiverse,  might  still  be  found,  which  would  illustrate  the  play  of 
gravitation  in  its  full  latitude,  sweeping  round  the  sim  in  all  forms 
of  orbit  excentric,  parabolic,  and  hyperbolic,  in  all  planes,  at  all 
distances,  and  indifferently  in  both  directions.  If  the  latter  sup- 
position were  accepted,  then  no  other  orbit,  save  ellipses  of  small 
excentricity,  with  planes  coinciding  nearly  with  that  of  the  ecliptic 
would  be  physically  possible. 

562.  Comets  observe  no  sacb  order  in  tbeir  motions. — 
The  theory  of  gravitation  had  not  long  been  promulgated,  nor  as 
yet  been  generally  accepted,  when  the  means  of  its  further  verifica- 
tion were  sought  in  the  motion  of  comets.  Hitherto  these  bodies 
had  been  regarded  as  exceptional  and  abnormal,  and  as  being 
exempt  altogether  from  the  operation  of  the  law  and  order  which 
prevailed  in  a  manner  so  striking  among  the  member  ot  '^^b  ^«^sss2l 
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system.  So  little  attention  had  been  given  to  comets  that  it  had 
not  been  certainly  ascertained  whether  they  were  to  be  classed  as 
meteoric  or  cosmical  phenomena ;  whether  their  theatre  was  the 
regions  of  the  atmosphere^  or  the  vast  spaces  in  which  the  great 
bodies  of  the  universe  move.  Their  apparent  positions  in  the 
heavens  on  various  occasions  of  the  appearances  of  the  most 
conspicuous  of  them  had  nevertheless  been  from  time  to  time  for 
some  centuries  observed  and  recorded  with  such  a  degree  of  precision 
as  the  existing  state  of  astronomical  science  permitted ;  and  even 
when  their  places  were  not  astronomically  ascertained^  the  date  of 
their  appearance  was  generally  preserved  in  the  historic  records^ 
and  in  many  cases  the  constellations  through  which  they  passed 
were  indicated^  so  that  the  means  of  obtaining  at  least  a  rude  approx- 
imation to  their  position  in  the  firmament  were  thus  supplied. 

563.  They  move  In  conic  sections,  with  the  snn  for  the 
focns.  —  Such  observations^  vague^  scattered^  and  inexact  as  they 
were,  supplied,  however,  data  by  which,  in  several  cases,  it 
was  possible  to  compute  the  real  motion  of  these  bodies  through 
space,  their  positions  in  relation  to  the  sun,  the  earth,  and 
the  planets,  and  the  paths  they  followed  in  moving  through  the 
system,  with  sufficiently  approximate  accuracy  to  conclude  with 
certainty  that  they  were  one  or  other  of  the  conic  sections,  the 
place  of  the  sim  being  the  focus. 

This  was  sufficient  to  bring  these  bodies  under  the  general 
operation  of  the  attraction  of  gravitation. 

It  still  remained,  however,  to  determine  more  exactly  the  specific 
character  of  these  orbits.  Are  they  ellipses  more  or  less  excentiic? 
or  parabolas  ?  or  hyperbolas  ?  —  Aiiy  of  the  three  classes  of  orbits 
would,  as  has  been  shown,  be  equally  compatible  with  the  law  of 
gravitation. 

564.  Difficulty  of  ascertainingr  in  what  species  of  conic 
section  a  comet  moTcs. —  It  might  be  supposed  that  the  same 
course  of  observation  as  that  by  which  the  orbit  of  a  planet  is 
traced  would  be  applicable  equally  to  comets.  Many  circumstances, 
however,  attend  this  latter  class  of  bodies,  which  render  such 
observations  impossible,  and  compel  the  astronomer  to  resort  to 
other  means  to  determine  their  orbits. 

A  spectator  stationed  upon  the  earth  keeps  within  his  view 
each  of  the  other  planets  of  the  system  throughout  nearly  the 
whole  of  its  course.  Indeed,  there  is  no  part  of  the  orbit  of  any 
planet  at  which,  at  some  time  or  other,  it  may  not  be  seen  from 
the  earth.  Every  point  of  the  path  of  each  planet  can  therefore 
be  observed ;  and,  although  without  waiting  for  such  observation, 
its  course  might  be  determined,  yet  it  is  material  here  to  attend 
to  the  fact,  that  the  whole  orbit  maybe  submitted  to  direct  obser- 
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vation.  The  different  planets^  also^  present  peculiar  features  by 
"  which  each  may  be  distinguished.  Thus^  as  has  been  explained, 
"  they  are  observed  to  be  spherical  bodies  of  various  magnitudes. 
^'  Their  surfaces  are  marked  by  peculiar  modes  of  light  and  shade, 
^  which,  although  variable  and  shifting,  still,  in  each  case,  possess 
1*  some  prevailing  and  permanent  characters  by  which  the  identity  of 
>-  the  object  may  be  established,  even  were  there  no  other  means  of 
1     determming  it. 

9        Unlike  planets,  comets  do  not  present  to  us  those  individual 

I     characters  above-mentioned,   by  which    their   identity  may  be 

i:    determined.    None  of  them  have  been  satisfactorily  ascertained  to 

U    be  spherical  bodies,  nor  indeed  to  have  any  definite  shape.    It  is 

il     certain  that  many  of  them  possess  no  solid  matter,  but  are  masses 

\3i     consisting  of  some  nearly  transparent  substances^  others  are  so 

$     surrounded  with  this  apparently  vaporous  matter,  tiiat  it  is  impos- 

f     sible,  by  any  means  of  observation  which  we  possess,  to  discover 

i     whether  this  vapour  enshrouds  within  it  any  solid  mass.    The 

same  vapour  wldch  thus  envelopes  the  body  (if  such  there  be 

I     within  it)  also  conceals  from  us  its  features  and  individual  character. 

f     Even  the  limits  of  the  vapour  itself,  if  vapour  it  be,  are  subject  to 

I      great  change  in  each  individual  comet.    Within  a  few  days  they 

are  sometimes  observed  to  increase  or  diminiflh  some  hundred-fold. 

A  comet  appearing  at  distant  intervals  presents,  therefore,  no  very 

obvious  means  of  recognition.    A  like  extent  of   surroimding 

vapour  would  evidently  be  a  fallible  test  of  identity ;  and  not  less 

inconclusive  would  it  be  to  infer  diversity  £rom  a  different  extent 

of  nebulosity. 

K  a  comet,  like  a  planet,  revolved  round  the  sun  in  an  orbit 
nearly  circular,  it  might  be  seen  in  every  part  of  its  path,  and  its 
identity  might  thus  be  established  independently  of  any  peculiar 
characters  in  its  appearance.  But  such  is  not  the  course  which 
comets  are  observed  to  take. 

In  general  a  comet  is  visible  only  throughout  an  arc  of  its  orbit, 
which  extends  to  a  certain  limited  distance  on  each  side  of  its 
perihelion.  It  first  becomes  apparent  at  some  point  of  its  path, 
such  as  g,  y,  or  gf'yfig^  93  \  it  approaches  the  sun  and  disappears 
after  it  passes  a  corresponding  point  ^,  y,  or  gf^y  in  departing  from 
the  sun.  The  arc  of  its  orbit  in  which  alone  it  is  visible  would 
therefore  heg  ag^g*  a^yOr  g'^  a  g^\ 

If  this  arc,  extending  on  either  side  of  perihelion,  could  always 
be  observed  with  the  same  precision  as  are  the.  planetary  orbits,  it 
v^ould  be  possible,  by  the  properties  of  the  conic  sections,  to  deter- 
mine not  only  the  general  character  of  the  orbit,  whether  it  be  an 
ellipse,  or  parabola,  or  an  hyperbola,  but  even  to  ascertain  the 
individual  curve  of  the  one  kind  or  the  other  in  which  the  comet 
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moves^  80  that  the  course  it  followed  before  it  became  visible^'  a» 
well  as  that  which  it  pursues  after  it  ceases  to  be  visible,  would  be 
as  certainly  and  precisely  known  as  if  it  could  be  traced  by  direct 
observation  throughout  its  entire  orbit. 

565.  Byperbolic  and  parabolie  eomets  not  periodic.  —  If 
it  be  ascertained  that  the  arc  in  which  the  comet  moves  wlule  it 
is  visible  is  part  of  an  hyperbola,  such  as  ^  a  ^^  it  will  be  inferred 
that  the  comet  coming  from  some  indefinitely  distant  region  of  the 
universe,  has  entered  the  system  in  a  certain  direction,  h^  A,  which 
can  be  inferred  from  the  visible  arc  g  ag^  and  that  it  must  depart 
to  aaother  indefinitely  distant  region  of  the  universe  following  the 
direction  h  h\  which  is  also  ascertained  from  the  visible  arc  gag, 

K,  on  the  other  hand,  it  be  ascertained  that  the  visible  arc,  such 
as  y  a  y,  be  part  of  a  parabola,  then,  in  like  manner  by  the  pro- 
perties of  that  curve,  it  will  follow  that  it  entered  iJie  system 
coming  from  an  indefinitely  distant  region  of  the  universe  in  a 
certain  direction,  j9^^,  which  can  be  inferred  from  the  visible  arc 
y  a  y,  and  that  after  it  ceases  to  be  visible,  it  will  issue  from  the 
system  in  another  determinate  direction,  ^^,  parallel  to  that  by 
which  it  entered. 

The  comet,  in  neither  of  these  cases,  would  have  a  periodic 
character.  It  would  be  analogous  to  one  of  those  occasional 
meteors  which  are  seen  to  shoot  across  the  firmament  never  again 
to  reappear.  The  body,  arriving  from  some  distant  region,  and 
coming,  as  would  appear,  fortuitously  within  the  solar  attraction, 
is  drawn  from  its  course  into  the  hyperbolic  or  parabolic  path,  which 
it  is  seen  to  pursue,  and  escapes  from  the  solar  attraction,  issuing 
from  the  system  never  to  return.  The  phenomenon  would  in  each 
case  be  occasional,  and,  in  a  certain  sense,  accidental,  and  the  body 
could  not  be  said  properly  to  belong  to  the  system.  So  far  as  re- 
lates to  the  comet  itself,  the  phenomenon  would  consist  in  a  change 
of  the  direction  of  its  course  through  the  imiverse,  operated  by 
the  temporary  action  of  solar  gravitation  upon  it. 

566.  Elliptic  comets  perlodle  like  the  planets.  —  But  the 
case  is  very  different,  the  tie  between  the  comet  and  the  system 
much  more  intimate,  and  the  interest  and  physical  importance  of 
the  body  transcendently  greater  when  the  arc,  such  as  ^'  a  /', 
proves  to  be  part  of  an  ellipse.  In  that  case,  the  invisible  part  of 
the  orbit  being  inferred  from  the  visible,  the  major  axis  a  of  would 
be  known.  The  comet  would  possess  the  periodic  character, 
making  successive  revolutions  like  the  planets,  and  returning  to 
perihelion  a  after  the  lapse  of  its  proper  periodic  time,  which  could 
be  inferred  by  the  harmonic  law  from  the  magnitude  of  its  major 
axis. 

iSuch  a  body  win  then  not  be,  Hke  those  which  follow  hyperbolic 
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or  parabolic  patlis^  an  occasional  visitor  to  the  system^  connected 
with  it  by  no  permanent  relation^  and  subject  to  solar  gravitation 
only  accidentally  and  temporarily.  It  would,  oi>  the  contrary,  be  as 
permanent,  if  not  as  striclly  regular,  a  member  of  the  system  as  any 
of  the  planets,  though  invested,  as  will  presently  appear,  with  an 
extremely  different  physical  character. 

It  will  therefore  be  easily  conceived  with  what  profound  interest 
comets  were  regarded  before  the  theory  of  gravitation  had  been  yet 
firmly  established  or  generally  accepted,  and  while  it  was,  so  to 
speak,  upon  its  trial.  These  bodies  were,  in  fact,  looked  for  as  the 
witnesses  whose  testimony  must  decide  its  fate. 

567.  Difficulties  attendingr  the  analysis  of  cometary 
motions. — Difficulties,  however,  which  seemed  almost  insur- 
mountable, opposed  themselves  to  the  satisfactory  and  conclusive 
analysis  of  their  motions.  Many  causes  rendered  the  observations 
upon  their  apparent  places  few  in  number  and  deficient  in  preci- 
sion. The  arcs  g  a  g^  g^  a  g^,  and  g'^  a  g'\  of  the  three  classes  of 
orbit  in  any  of  which  they  might  move  without  any  violation  of 
the  law  of  gravitation,  were  veiy  nearly  coincident  in  the  neighbour- 
hood of  the  place  of  perihelion  a.  It  was,  for  example,  in  almost 
all  the  cases  which  presented  themselves,  possible  to  conceive  three 
different  curves,  an  excentric  ellipse,  such  Baah  a'  1/,b.  parabola, 
such  as  p'  p  a,  and  an  hyperbola,  such  aa  h'  h  a,  so  related  that  the 
arcs  g  a  g,  g'  a  g'y  and  y  a  ^',  would  not  deviate  one  from  another 
to  an  extent  exceeding  the  errors  inevitable  in  cometary  observations. 
Thus  any  one  of  the  three  curves  within  the  limits  of  the  visible 
path  of  the  comet  might  with  equal  fidelity  represenib  its  course. 
In  such  cases,  therefore,  it  was  impossible  to  infer,  from  the  observa- 
tions alone,  whether  the  comet  belonged  to  the  class  of  hyperbolic 
or  parabolic  bodies,  which  have  no  periodic  character,  or  to  the 
elliptic,  which  has. 

568.  Periodicity  alone  proves  the  elliptic  character.  —  The 
character  of  periodicity  itself,  which  belongs  exclusively  to  elliptic 
orbits,  supplied  the  means  of  surmounting  this  difficulty.  If  any 
observed  comet  have  an  elliptic  motion,  it  must  return  to  perihelion 
after  completing  its  revolution,  and  it  must  have  been  visible  on 
former  returns  to  that  position.  Not  only  ought  it  to  be  expected, 
therefore,  that  such  a  comet  would  re-appear  in  future  after 
absences  of  equal  duration  (depending  on  its  periodic  time),  but 
that  its  previous  returns  to  perihelion  would  be  found  by  search- 
ing among  the  recorded  appearances  of  such  objects  for  any,  the 
dates  of  whose  appearance  might  correspond  with  the  supposed 
period,  and  whose  apparent  motions,  if  observed,  might  indicate  a 
real  motion  in  an  orbit,  identical  or  nearly  so  with  that  of  the  comet 
in  question. 
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If  the  motion  of  such  a  body  were  not  affected  by  anT  other  force 
except  the  solar  attraction,  it  would  re-appear  after  each  sacceaaTe 
revolution  at  exactly  the  same  point ;  would  follow,  while  Tisible, 
exactly  the  same  arc  (/'  a  y ;  would  more  in  the  same  plane,  in- 
clined at  the  same  angle  to  the  ecliptic,  the  nodes  retaining  the  sim^ 
places ;  and  would  arrive  at  its  perihelion  at  exactly  the  same  poiufi 
Of  and  after  exactly  equal  intervals. 

Now,  although  the  disturbing  actions  of  the  planets  near  wfaidi 
it  might  pass,  in  departing  from  and  returning  to  the  sun,  must  be 
expected  to  be  much  more  considerable  than  when  one  planet  acts 
upon  another,  as  well  because  of  the  extreme  comparatiTe  lightnos 
of  the  comet,  as  of  the  great  excentricity  of  its  orbit,  -which  some- 
times actually  or  nearly  intersects  the  paths  of  several  planets,  and 
especially  those  of  the  larger  ones,  yet  still  snch  planetary  attnt- 
tions  are  onit/  disturbances,  and  cannot  be  supposed  to  effiuse  tiitt 
character  which  the  orbit  receives  from  the  predominant  force  of  tie 
immense  mass  of  the  sun.  Wliile  therefore  we  may  be  prepared  ist 
the  possibility,  and  even  the  probability,  that  the  same  peiio£e 
comet  on  the  occasion  of  its  successive  re-appearances,  may  follow! 
path^^  a  ^^  in  passing  to  and  from  its  perihelion,  differing  to  somd 
extent  from  that  which  it  had  followed  on  previous  appearances,  vet 
in  the  main  such  differences  cannot,  except  in  rare  and  excepticHiil 
cases,  be  very  considerable,  and  for  the  same  reason  the  intervals  be- 
tween its  successive  periods,  though  they  may  differ,  cannot  be  sub- 
ject to  any  very  great  variation. 

569.  Periodicity,  combined  with  the  identity  of  tbe  patli* 
while  visible,  establishes  identity. — If  then,  on  examining  the 
various  comets  whose  appearances  have  been  recorded,  and  whose 
places  while  visible  have  been  observed,  and  on  computing  from  the 
apparent  places  the  arc  of  the  orbit  through  which  they  moved,  it 
be  found  that  two  or  more  of  them,  while  visible,  moved  in  the  same 
path,  the  presumption  will  be  that  these  were  the  same  bodv  re-ap- 
pearing after  having  completed  its  motion  in  an  elliptic  orbit  •  nor 
should  this  presumption  of  identity  be  hastily  rejected  because  of 
the  existence  of  any  discrepancies  between  the  observed  paths,  or 
any  inequality  of  the  intervals  between  its  successive  re-appear- 
ances, so  long  as  such  discrepancies  can  fairly  be  ascribed  to  the 
possible  disturbances  produced  by  planets  which  the  coniet  might 
have  encountered  in  its  path. 

570.  Many  comets  recorded — ^few  observed. — ^Many  comets, 
however,  have  been  recorded,  but  not  observed.  Historians  have 
mentioned,  and  even  described,  their  appearances,  and  in  some 
cases  have  indicated  the  chief  constellations  through  which  such 
bodies  passed,  although  no  observations  of  their  apparent  places 
have  been  transmitted  by  which  any  close  approximation  to  their 
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actual  paths  could  be  made.  Nevertheless,  eyen  in  these  cases^ 
some  clue  to  their  identification  is  supplied.  The  intervals  be- 
tween their  appearances  alone  is  a  highly  probable  test  of  identity. 
Thus  if  comets  were  regularly  recorded  to  have  appeared  at  in- 
tervals of  fifty  years  (no  circumstance  affording  evidence  of  the 
diversity  of  these  objects),  they  might  be  assumed,  with  a  high 
degree  of  probability,  to  be  the  successive  returns  of  an  elliptic 
comet  having  that  interval  as  its  period. 

571.  Classliloatlon  of  tlie  cometary  orbits^ — The  appear- 
ances of  about  400  comets  had  been  recorded  in  the  annals  of 
various  countries  before  the  end  of  the  seventeenth  century,  the 
epoch  signalised  by  the  discoveries  and  researches  of  Newton.  In 
most  cases,  however,  the  only  circumstance  recorded  was  the  ap- 
pearance of  the  object,  accompanied  in  many  instances  with  detafls 
bearing  evident  marks  of  exaggeration  respecting  its  magnitude, 
form,  and  splendour.  In  some  few  cases,  the  constellations 
through  which  the  object  passed  successively,  with  the  necessary 
dates,  are  mentioned,  and  in  some,  fewer  stiU,  observations  of  a 
rough  kind  have  been  handed  down.  From  such  scanty  data, 
eagerly  sought  for  in  the  works  preserved  in  different  countries, 
more  especially  from  astronomical  records  preserved  in  China  from 
the  earliest  ages,  sufficient  materials  have  been  collected  for  the 
computation,  with  more  or  less  approximation,  of  the  elements  of 
the  orbits  of  about  sixty  of  the  400  comets  above  mentioned. 

Since  the  time  of  Newton,  Halley,  and  their  contemporaries, 
observers  have  been  more  active,  and  have  had  the  command  of 
instruments  of  considerable  and  constantly  increasing  power  j  so 
that  every  comet  which  has  been  visible  from  the  northern  hemi- 
sphere of  the  earth  since  that  time,  has  been  observed  with  con- 
tinually increasing  precision,  and  data  have  been  in  all  cases 
obtained,  by  which  the  elements  of  the  orbitahave  been  calculated. 
Since  the  year  1700,  accordingly,  more  than  160  have  been 
observed,  the  elements  of  the  orbits  of  which  have  been  ascer- 
tained with  great  precision. 

It  appears,  therefore,  that  of  the  entire  number  of  comets  which 
have  appeared  in  the  firmament,  the  orbits  of  upwards  of  220  have 
been  computed.  Of  this  number  about  forty  have  been  ascer- 
tained, some  conclusively,  others  with  more  or  less  probability,  to 
revolve  in  elliptic  orbits. 

Several  have  passed  through  the  system  in  hyperbolas,  and 
consequently  wiU  not  visit  it  again,  unless  they  be  thrown  into 
other  orbits  by  some  disturbing  force. 

The  remainder,  and  by  far  the  greatest  number,  have  passed 
through  the  system  either  in  parabolic  orbits,  or  in  ellipses  of  such 
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extreme  excentricity  as  to  be  undistinguishable  from  parabolas  bj 
any  data  supplied  by  the  observations* 

n.  Elliptic  Comets  BEvoLviNa  within  the  obbit  op 

Saturn. 

572.  Encke'a  comet.  —  In  1818^  a  comet  was  observed  at 
Marseilles,  on  the  26th  of  November,  by  M.  Pons.  In  the  follow- 
ing January,  its  path  being  calculated,  M.  Arago  immediately 
recognised  it  as  identical  with  one  which  had  appeared  in  i  805. 
Subsequently,  M.  Encke  of  Berlin  succeeded  in  calculating  its 
entire  orbit  —  inferring  the  invisible  from  the  visible  part  —  and 
found  that  its  period  was  about  twelve  hundred  days.  This  cal- 
culation was  verified  by  the  fact  of  its  return  in  1822,  since  which 
time  the  comet  has  gone  by  the  name  of  Enche^s  cornet^  and  re- 
turned regularly. 

It  may  be  asked.  How  it  could  have  happened  that  a  comet 
which  made  its  revolution  in  a  period  so  short  as  three  years  and 
a  quarter,  should  not  have  been  observed  until  so  recent  an  epoch 
as  1 8 1 8  ?  This  is  explained  by  the  fact  that  the  comet  is  so  small, 
and  its  light  so  feeble  even  when  in  the  most  favourable  position, 
that  it  can  only  be  seen  with  the  aid  of  the  telescope,  and  not 
even  with  this,  except  under  certain  conditions  which  are  not  ful- 
filled on  the  occasion  of  every  perihelion  passage.  Nevertheless, 
the  comet  was  observed  on  three  former  occasions,  and  the  general 
elements  of  its  path  recorded,  although  its  elliptic,  and  conse- 
quently periodic  character,  was  not  recognised. 

On  comparing,  however,  the  elements  then  observed  with  those 
of  the  comet  now  ascertained,  no  doubt  can  be  entertained  of  their 
identity. 

It  appears,  that,  excepting  the  oval  form  of  the  orbit,  the  motion 
of  this  body  difiers  in  nothing  from  that  of  a  planet  whose  mean 
distance  from  the  sim  is  that  of  the  nearest  of  the  planetoids.  Its 
excentricity  is  such,  however,  that  when  in  perihelion  it  is  within 
the  orbit  of  Mercury,  and  when  in  aphelion  it  is  outside  the  most 
distant  of  the  planetoids,  and  at  a  distance  from  the  sun  equal  to 
four-fifths  of  that  of  Jupiter. 

573.  Zndlcattona  of  the  efTeota  of  a  realatiiigr  medimn. — A 
fact  altogether  anomalous  in  the  motions  of  the  bodies  of  the  solar 
system,  and  indicating  a  consequence  of  the  highest  physical  im- 
portance, has  been  disclosed  in  the  observation  of  the  motion  of 
this  comet.  It  has  been  found  that  its  periodic  time,  and  conse- 
quently its  mean  distance,  undergoes  a  slow,  gradual,  and  ap- 
parently regular  decrease.  The  decrease  is  small,  but  not  at  all 
uncertain.  It  amounted  to  about  a  day  in  ten  revolutions,  a 
quantiij  which  could  nofby  1017  mi&axLs  be  placed  to  the  account 
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either  of  errors  of  observation  or  of  calculation ;  and,  besides,  this 
increase  is  incessant,  whereas  errors  would  affect  the  result  some- 
times one  way  and  sometimes  the  other.  The  period  of  the  comet 
between  1786  and  1795  was  I208|-  days;  between  1795  and 
1 805  it  was  1 207-^  days ;  between  1 805  and  1 8 1 9  it  was  1 207^% 
days;  and  between  1 845  and  1 855,  it  had  decreased  to  1 205^  days. 

The  magnitude  of  the  orbit  thus  constantly  decreasing  (for  the 
cube  of  its  greater  axis  must  decrease  in  the  same  proportion  as 
the  square  of  the  period),  the  actual  path  followed  by  the  comet 
must  be  a  sort  of  elliptic  spiral,  the  successive  coils  of  which  are 
very  close  together,  every  successive  revolution  bringing  the  comet 
nearer  and  nearer  to  the  sun. 

Such  a  motion  could  not  arise  £rom  the  disturbing  action  of  the 
planets.  These  forces  have  been  taken  strictly  into  accoimt  in  the 
computation  of  the  ephemerides  of  the  comet,  and  there  is  still 
found  this  residual  phenomenon,  which  cannot  be  placed  to  their 
account,  but  which  is  exactly  the  effect  which  would  arise  from 
any  physical  agency  by  which  the  tangential  motion  of  the  comet 
would  be  feebly  but  constantly  resisted.  Such  an  agency,  by 
diminishing  the  tangential  velocity,  would  give  increased  efficacy 
to  the  solar  attraction,  and  consequently,  increased  curvature  to 
the  comet's  path ;  so  that,  after  each  revolution,  it  woiild  revolve 
at  a  less  distance  from  the  centre  of  attraction. 

5  74.  Tbe  Imnlniferoiui  ether  would  pitMlnce  sucb  an  effect. 
—  It  is  evident  that  a  resisting  medium,  such  as  the  luminiferous 
ether  (0.  2 1 6)  is  assumed  to  be  in  the  hypothesis  which  forms  the 
biisis  of  the  undulatoiy  theory  of  light,  would  produce  just  such  a 
phenemenon,  and,  accordingly  the  motion  of  this  comet  is  re- 
garded as  a  strong  evidence  tending  to  convert  that  hypothetical 
fluid  into  a  real  physical  agent 

It  remains  to  be  seen  whether  a  like  phenomenon  will  be  developed 
in  the  motion  of  other  periodic  comets.  The  discovery  of  thes^ 
bodies,  and  the  observation  of  their  motions,  are  as  yet  too  recent  to 
enable  astronomers,  notwithstanding  their  greatly  multiplied  num- 
ber, to  pronounce  decisively  upon  it. 

575.  Comets  would  ultimatelsr  fUl  Into  the  son. — If  the 
existence  of  this  resisting  medium  should  be  established  by  its 
observed  effects  on  comets  in  general,  it  wiU  follow  that,  after  the 
lapse  of  a  certain  time  (many  ages,  it  is  true,  but  still  a  definite 
interval),  the  comets  will  be  successively  absorbed  by  the  sun,  unless, 
as  is  not  improbable,  they  shovdd  be  previously  vaporised  by  their 
near  approach  to  the  solar  fires,  and  should  thus  be  incorporated 
with  his  atmosphere.* 

*  In  the  efforts  by  which  the  human  mind  labours  after  truth,  it  1% 
carious  to  observe  how  often  that  desired  object  is  stomVkV^  'a^'uXs^  ^s:.^- 
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576.  Vflky  like  efliBcts  are  not  manifested  In  tlia  motiai 
of  tlie  planets. — It  may  be  asked^  If  the  existence  of  a  Tesifitiiig 
Diedium  be  admitted^  whether  the  same  ultiinate  fitte  muflt  not 
await  the  planets?  To  this  inquiry  it  may  be  answered  tiiat, 
within  the  limits  of  past  astronomical  record^  the  ethereal  medium* 
if  it  exist,  has  had  no  sensible  effect  on  the  motion  of  any  planet 
That  it  might  have  a  perceptible  effect  upon  comets,  and  yet  not 
upon  planets,  will  not  be  surprising,  if  the  extreme  lighiness  of 
the  comets  compared  with  their  bulk  be  considered.  The  effect 
in  the  two  cases  may  be  compared  to  that  of  the  atmospheie 
upon  a  piece  of  swan's-down  and  upon  a  leaden  bullet  moring 
through  it.  It  is  certain  that  whatever  may  be  the  nature  d 
this  resisting  medium,  it  will  not,  for  many  hundred  years  to  come, 
produce  the  slightest  perceptible  effect  upon  the  motions  of  the 
planets. 

577.  Corrected  estimate  of  tlie  mass  of  BSereiirT'. ^'^ 

masses  of  comets  in  general  are,  as  will  be  explained,  incomparabh 
smaller  than  those  of  the  smallest  of  the  planets;  so  much  so  indeed, 
as  to  bear  no  appreciable  ratio  to  them.  A  consequence  of  this  isi 
that  while  the  effects  of  their  attraction  upon  the  planets  toi 
altogether  insensible,  the  disturbing  effects  of  the  masses  of  the 
planets  upon  them  are  very  considerable.  These  disturbances  being 
proportional  to  the  disturbing  masses,  may  then  be  used  as  measuies 
of  the  latter,  just  as  the  movement  of  the  pith-ball  in  the  balance  of 
torsion  supplies  a  measure  of  the  physical  forces  to  "which  that  in- 
strument is  applied. 

Encko's  comet  near  its  perihelion  passes  near  the  orbit  of  Mer- 

dent,  or  arrived  at  by  reasoning  which  is  false.  One  of  Kewton's  con- 
jectures respecting  comets  was,  that  they  are  **the  aliment  by  which  sons 
are  sustained ; ''  and  he  therefore  concluded  that  these  bodies  were  in  a  state 
of  progressive  decline  upon  the  suns,  round  which  they  respectively  swept; 
and  that  into  tliese  suns  they  from  time  to  time  fell.  This  opinion  appears 
to  have  been  cherished  by  Newton  to  the  latest  hours  of  his  life :  he  not 
only  consigned  it  to  his  immortal  writings ;  but,  at  the  age  of  eighty- three,  a 
conversation  took  place  between  him  and  his  nephew  on  this  sabject,  which 
has  come  down  to  us.  "  I  cannot  say,"  said  Newton,  **  when  the  comet  <rf 
1680  will  fall  into  the  sun :  possibly  after  five  or  six  revolutions ;  bat  when 
ever  that  time  shall  arrive,  the  heat  of  the  sun  will  be  raised  by  it  to  such  a 
point,  that  our  globe  will  be  burnt,  and  all  the  animals  upon  it  will  perish. 
The  new  stars  observed  by  Hipparchus,  Tycho,  and  Kepler,  must  have  pro- 
ceeded from  such  a  cause,  for  it  is  impossible  otherwise  to  explain  their 
sudden  splendour."  His  nephew  then  asked  him,  **  Why,  when  he  stated  in 
his  writings  that  comets  would  fall  into  the  sun,  did  he  not  also  state  those 
vast  fires  they  must  produce,  as  he  supposed  they  had  done  in  the  stars?  ** 
—  "  Because,"  replied  the  old  man,  **  the  conflagrations  of  the  sun  concern 
U8  a  little  more  directly.  I  have  said,  however,"  added  he,  suiiling,  <*  enouffh 
to  enable  the  world  to  collect  my  opinion." 
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cury ;  and  when  that  planet  at  the  epoch  of  its  perihelion  happens 
to  be  near  the  same  pointy  a  considerable  and  measureable  disturb- 
ance is  manifested  in  the  comet's  motion^  which  being  observed 
supplies  a  measure  of  the  planet's  mass. 

This  combination  of  the  motions  of  the  planet  and  comet  took 
place  under  very  favourable  circumstances,  on  the  occasion  of  the 
perihelion  passage  of  the  comet  in  1 83  8,  the  result  of  which,  accord- 
ing to  the  calculations  of  Professor  Encke,  was  the  discovery  of  an 
error  of  large  amount  in  the  previous  estimates  of  the  mass  of  the 
planet.  After  making  every  allowance  for  other  planetary  attract- 
tions,  and  for  the  effects  of  the  resisting  medium,  the  existence  of 
which  it  appears  necessary  to  admit,  it  was  inferred  that  the  mass 
assigned  to  Mercury  by  Laplace  was  too  great  in  the  proportion  of 
12  to  7. 

This  question  is  still  under  examination,  and  every  succeeding 
perihelion  passage  of  the  comet  will  increase  the  data  by  which  its 
more  exact  solution,  may  be  accomplished. 

578.  Biela's  comet. — On  the  28th  of  February,  1826,  M.Biela, 
an  Austrian  officer,  observed  in  Bohemia  a  comet,  which  was  seen  at 
Marseilles  at  about  the  same  time  by  M.  Gambart.  The  path 
which  it  pursued,  was  observed  to  be  similar  to  that  of  counts 
which  had  appeared  in  1 772  and  1806.  Finally,  it  was  foimd 
that  this  body  moved  round  the  sun  in  an  oval  orbit,  and  that 
the  time  of  its  revolution  was  about  6  years  and  8  months.  It  has 
since  returned  at  its  predicted  times,  and  has  been  adopted  as  a 
member  of  our  system,  under  the  name  of  Biela's  comet. 

Biela's  comet  moves  in  an  orbit  whose  plane  is  inclined  at  a  small 
angle  to  those  of  the  planets.  It  is  but  slightly  oval,  the  length 
being  to  the  breadth  in  the  proportion  of  about  four  to  three. 
"VMien  nearest  to  the  sun,  its  distance  is  a  little  less  than  that  of  the 
earth ;  and  when  most  remote  from  the  sun,  its  distance  somewhat 
exceeds  that  of  Jupiter.  Thus  it  ranges  through  the  solar  system, 
between  the  orbits  of  Jupiter  and  the  earth. 

This  comet  was  observed  in  1772  and  1806,  but  the  elliptic 
form  of  its  orbit  was  not  discovered  at  that  epoch.  From  the  ob- 
servations made  in  1 826,  the  ellipticity  of  the  orbit  was  determined 
and  its  return  to  perihelion  in  1 83  2  successfully  predicted.  Owing, 
to  the  extreme  faintness  and  imfavoui'able  position  of  the  comet  in 
1 838,  it  escaped  observation ;  but  in  1 846  and  1 852  its  return  was 
observed  by  several  astronomers.  However,  at  its  last  return  to 
perihelion  in  May,  1859,  the  comet  was  so  completely  lost  in  the 
rays  of  the  sim,  that  astronomers  who  had  the  assistance  of  the 
most  powerful  telescopes,  were  unable  to  discover  it,  notwithstanding 
three  separate  computers  had  calculated  ephemerides  of  its  position 
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in  the  heavens,  which  agreed  sufficiently  well  Trith  each  other  to 
warrant  their  adoption  in  the  search  for  the  comet. 

579.  PoMibilitjr  of  tlie  collUlon  of  aBiebt's  comet  witli  Hm 
•artb. — One  of  the  points  at  which  the  orbit  of  Biela's  comet 
intersects  the  plane  of  the  ecliptic,  is  at  a  distance  from  the  earth's 
orhit  less  than  the  sum  of  the  semi-diameters  of  the  earth  and  tiie 
comet.  It  follows,  therefore  (496)  that  if  the  comet  should  arrive 
at  this  point  at  the  same  moment  at  which  the  earth  passes  thioogii 
the  point  of  its  orhit  which  is  nearest  to  it,  a  portion  of  the  ^c^ 
of  the  earth  must  penetrate  the  comet 

It  was  estimated  on  the  occasion  of  the  perihelion  passage  of  ^ 
comet  in  1832,  that  the  semi-diameter  of  the  comet  (tibat  body 
being  nearly  globular,  and  having  no  perceptible  tail)  ^viras  21,000 
miles,  while  the  distance  of  the  point  at  which  its  centre  passed 
through  the  plane  of  the  ecliptic,  on  the  29th  of  October  in  that 
year,  from  the  path  of  the  earth,  was  only  1 8,600  miles.  If  the 
centre  of  the  earth  happened  to  have  been  at  the  point  of  its  orbit 
nearest  to  the  centre  of  the  comet  on  that  day,  the  distance  between 
the  centres  of  the  two  bodies  would  have  been  only  1 8,600  niileey 
while  the  semi-diameter  of  the  comet  was  21,000  miles;  and  the 
semi-diameter  of  the  earth  being  in  roimd  numbers  4000  miles,  it 
would  follow  that  in  such  a  contingency  the  earth  would  have 
plunged  into  the  comet  to  a  depth  of  6400  miles^  a  depth  exceeding 
three-fourths  of  the  earth's  diameter. 

The  possibility  of  such  a  catastrophe  having  been  rumoured, 
great  popular  alarm  was  excited  before  the  expected  return  of  the 
comet  in  1832.  It  was,  however,  shown  that  on  the  29th  of 
October,  the  earth  would  be  about  five  millions  of  miles  from  the 
point  of  danger,  and  that  on  the  arrival  of  the  earth  at  that  point 
the  comet  would  have  moved  to  a  still  greater  distance. 

580.  Sesolntion  of  Biela's  comet  Into  two. — One  of  the 
most  extraordinary  phenomena  of  which  the  history  of  astronomy 
afibrds  any  example,  attended  the  appearance  of  this  comet  in  1 846. 
It  was  on  that  occasion  seen  to  resolve  itself  into  two  distinct 
comets,  which,  from  the  latter  end  of  December,  1 845,  to  the  epoch 
of  its  disappearance  in  April,  1 846,  moved  in  distinct  and  inde- 
pendent orbits.  The  paths  of  these  two  bodies  were  in  such  optical 
juxtaposition  that  both  were  always  seen  together  in  the  field  of 
view  of  the  telescope,  and  the  greatest  visual  angle  between  their 
centres  did  not  amount  at  any  time  to  I  o',  the  variation  of  that 
angle  arising  principally  from  the  change  of  direction  of  the  visual 
line,  relatively  to  the  line  joining  their  centres,  and  to  the  change 
of  the  comet's  distance  from  the  earth. 

M.  Plantamour,  director  of  the  Observatory  of  Geneva,  cal- 
culated the  orbits  of  these  two  comets,  considered  as  independent 
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bodies;  and  found  that  the  real  distance  between  their  centres 
was,  subject  to  but  little  variation  while  visible^  about  thirty- 
nine  semi-diameters  of  the  earthy  or  two-thirds  of  the  moon's 
distance.  The  comets  moved  on  thus^  side  by  aide;  without 
manifesting  any  reciprocal  disturbing  action;  a  circumstance  no 
way  surprising;  considering  the  infinitely  minute  masses  of  such 
bodies. 

581.  Cliangr^B  of  appearaaee  attendingr  t]i«  ■•paratton. — 
The  original  comet  was  apparently  a  globular  mass  of  nebulous 
matter,  semi-transparent  at  its  veiy  centre^  no  appearance  of  a  tail, 
being  discoverable.  Affcer  the  separation^  both  comets  had  short 
tails,  parallel  in  their  direction,  and  at  right  angles  to  the  line 
joining  their  centres*;  both  had  nuclei  From  the  day  of  their 
separation  the  original  comet  decreased,  and  the  companion  in- 
creased in  brightness  until  (on  the  loth  of  February)  they  were 
sensibly  equal.  After  this  the  companion  still  increased  in  bright- 
ness,  and  from  the  14th  to  the  1 6th  was  not  only  greatly  superior 
in  brightness  to  the  original,  but  had  a  sharp  and  starlike  nucleus 
compared  to  a  diamond  spark.  The  change  of  brightness  was  now 
reversed,  the  original  comet  recovering  its  superiority,  and  acquir- 
ing on  the  1 8th  the  same  appearance  as  the  companion  had  from 
the  14th  to  the  i6th.  After  this  the  companion  gradually  faded 
away,  and  disappeared  previously  to  the  final  disappearance  of  the 
original  comet  on  the  22nd  of  ApriL 

It  was  observed  also  that  a  thin  luminous  line  or  arc  was  thrown 
across  the  space  which  separated  the  centres  of  the  two  nuclei, 
especially  when  one  or  the  other  had  attained  its  greatest  bright- 
ness, the  arc  appearing  to  emanate  &om  that  which  for  the  mo- 
ment  was  the  brighter. 

After  the  disappearance  of  the  companion^  the  original  comet 
threw  out  three  faint  tails,  forming  angles  of  120°  with  each 
other,  one  of  which  was  directed  to  the  place  which  had  been 
occupied  by  the  companion. 

It  is  suspected  that  the  faint  comet  which  waa  observed  by 
Professor  Secchi  to  precede  Biela's  comet  in  1852,  may  have  been 
the  companion  thus  separated  &om  it,  and  if  so,  the  separation 
must  be  permanent,  the  distance  between  the  parts  being  greater 
than  that  which  separates  the  earth  &om  the  sun. 

582.  Faye**  comet.  —  On  the  22nd  of  November,  1843,  M. 
Faye,  at  that  time  assistant-astronomer  at  the  Paris  Observatory, 
discovered  a  comet,  the  path  (►f  which  soon  appeared  to  be  in- 
compatible with  the  parabolic  character.  l)r.  Goldschmidt,  of 
Gottingen,  showed  that  it  moved  in  an  ellipse  of  very  limited 
dimensions,  with  a  period  of  7J  years.  It  was  immediately 
observed  as  being  extraordinary,  that,  notwithstanding  tha  tsji- 
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queut  returns  to  perihelion  which  such  a  period  would  infa^ 
its  previous  appearances  had  not  been  recorded.  M.  Faye  le- 
plied  by  showing  that  the  aphelion  of  the  orbit  passed  veir  nee 
to  the  path  of  Jupiter,  and  that  it  was  possible  that  the  violefi 
action  of  the  great  mass  of  that  planet^  in  such  close  pioiimhT 
with  the  comparatively  light  mass  of  the  comet,  might  hire 
thrown  the  latter  body  into  its  present  orbit,  its  former  path  beiiE 
either  a  parabola  or  an  ellipse,  with  such  elements  as  to  pieTCSi 
the  comet  from  coming  within  visible  distance.  M.  Faye  aop- 
ported  these  observations  by  reference  to  a  more  ancient  comeL 
which  we  shall  presently  notice,  to  which  a  like  incident  la  sop- 
posed  with  much  probability,  if  not  certainty,  to  have  occuncd. 

583.  Se-appearance  In  1850-1  oalcnlated  by  ac  ]beTa^ 
lier.  —  The  observations  which  had  been  made  in  1 843.  < 
several  observatories,  but  more  especially  those  made  by  M.  Strew 
at  Pulkowa,  who  continued  to  observe  the  comet  long  after  it  kid 
ceased  to  be  observed  elsewhere,  supplied  to  M.  Le  Verrier  the 
data  necessary  for  the  calculation  of  its  motion  in  the  inteinl 
between  its  perihelion  in  1843,  and  its  expected  re-appearanoea 
1 8 50- 1,  subject  to  the  disturbing  action  of  the  planets,  and  pw* 
dieted  its  succeeding  perihelion  for  the  3rd  of  April,  1 8ci. 

Aided  by  the  formulae  of  M.  Le  Verrier,  Lieutenant  Stiatfoid 
calculated  a  provisional  ephemeris  in  1850,  by  which  obserres 
might  be  enabled  more  easily  to  detect  the  comet,  which  was  the 
more  necessary  as  the  object  is  extremely  faint  and  small  and  Dft 
capable  of  being  seen  except  by  means  of  the  most  perfect  tele- 
scopes. By  means  of  this  ephemeris.  Professor  Challis,  of  Cam- 
bridge, found  the  comet  on  the  night  of  the  28  th  of  jS'ovember. 
very  nearly  in  the  place  assigned  to  it  in  the  tables.  Two  obs«- 
vations  only  were  then  made  upon  it,  which,  however  were 
sufficient  to  enable  M.  Le  Verrier  to  give  still  greater  precision  to 
his  formulfe,  by  assigning  a  definite  numerical  value  to  a  small 
quantity  which  before  was  left  indeterminate.  Lieutenant  Strat- 
ford, with  the  formula  thus  corrected,  calculated  a  more  extensive 
and  exact  ephemeris,  extending  to  the  last  day  of  Alarch  and 
published  it  in  January,  1 85 1,  in  the  Nautical  Almanac 

The  comet,  though  extremely  faint  and  small,  and  consequentlT 
difficult  of  observation,  continued  to  be  observed  by  Profess<i 
Challis  with  the  great  Northumberland  telescope  at  Cambridge 
and  by  M.  Struve  at  Pulkowa,  and  it  was  found  to  moTe  in  exact 
accordance  with  the  predictions. 

This  comet  again  returned  according  to  prediction  in  September 
1858,  when  it  was  first  observed  at  Berlin  by  M.  Bruhns.  It  was 
extremely  faint  during  the  time  of  its  appearance. 

584.  Be  Vico's  comet. —  On  the  2  2nd  of  August,  1 844.  M.  Be 
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Vico,  of  the  Eoman  Observatory,  discovered  a  comet  whose  orbit 
was  soon  afterwards  proved  by  M.  Faye  to  be  an  ellipse  of  moderate 
excentricity;  with  a  period  of  about  5^  years.  It  arrived  at  its 
perihelion  on  the  2nd  of  September^  and  continued  to  be  observed 
imtil  the  7th  of  December. 

M.  Le  Verrier  has  made  some  computations,  which  render  it 
somewhat  probable  that  a  comet  which  passed  its  perihelion  in 
August,  1678,  is  identical  with  that  discovered  by  M.  De  Vico. 

585.  Brorsen^s  comet. —  On  the  26th  of  February,  1846,  M. 
Brorsen,  of  Kiel,  discovered  a  faint  comet,  which  was  soon  found 
to  move  in  an  elliptic  orbit,  with  a  period  of  about  5^  years.  Its 
position  in  the  heavens  not  being  favourable,  the  observations  upon 
it  were  few,  and  the  resulting  elements,  consequently,  not  ascer- 
tained with  all  the  precision  that  might  be  desired.  Its  re-appear- 
ance on  its  approach  to  the  succeeding  perihelion,  was  expected 
from  September  to  November,  1851.  It  escaped  observation, 
however,  owing  to  its  unfavourable  position  in  relation  to  the  sun. 
Its  next  perihelion  passage  took  place  in  1 857,  when  it  was  re- 
discovered at  Berlin  by  M.  Bruhns  on  the  1 8th  of  March.  Its 
period  of  revolution  was  foimd  to  be  about  2026  days. 

586.  Comets  of  D' Arrest  and  'Winnecke. —  On  the  27th  of 
June,  1 85 1,  Dr.  D'Arrest,  of  the  Leipsic  Observatory,  discovered  a 
faint  comet,  which  M.  Villarceau  proved  to  move  in  an  elliptic 
orbit,  with  a  period  of  about  6^  years.  The  succeeding  perihelion 
passage  took  place  near  the  end  of  1857,  when  it  was  discovered 
on  the  5th  of  December  at  the  Royal  Observatory,  Cape  of  Good 
Hope.  A  valuable  series  of  observations  extending  to  the  1 8th 
of  January,  1858,  were  made  at  that  observatory,  under  the  direc- 
tion of  the  present  astronomer.  Sir  Thomas  Maclear. 

A  comet  discovered  on  the  8th  of  March,  1858,  at  Bonn,  by  Dr. 
Winnecke,  is  also  supposed  to  be  one  of  those  whose  orbit  is  of 
short  period.  A  comparison  of  the  elements  with  those  of  a  comet 
observed  in  1 8 1 9,  seemed  to  indicate  that  the  two  comets  were 
really  one  object,  whose  orbit  is  elliptical  with  a  period  of  about  5  J 
years.  It  would  therefore  have  made  seven  revolutions  in  the 
interval  since  its  first  apparition,  a  result  which  agrees  closely  with 
that  derived  from  theory.  It  can  scarcely  be  doubted,  therefore, 
that  the  two  apparitions  refer  to  the  same  object. 

587.  Slliptic  comet  of  1743. — A  revision  of  the  recorded 
observations  of  former  comets  by  the  more  active  and  intelligent 
zeal  of  modem  mathematicians  and  computers,  has  led  to  the 
discovery  of  the  great  probability  of  several  among  them  having 
revolved  in  elliptic  orbits,  with  periods  not  differing  considerably 
from  those  of  the  comets  above  mentioned.  .  The  fact  that  these 
comets  have  not  been  re-observed  on  their  successive  ^^^^isc^ 
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through  perihelion,  may  be  explained,  either  by  the  difficulty  of 
observing  them,  owing  to  their  mifavourable  positions^  and  the 
circumstance  of  observers  not  expecting  their  re-appearance,  their 
periodic  character  not  being  then  suspected ;  or  because  they  may 
have  been  thrown  by  the  disturbing  action  of  the  larger  planets 
into  orbits  such  as  to  keep  them  continually  out  of  the  range  of 
yiew  of  terrestrial  observers. 

Among  those  may  be  mentioned  a  comet  which  appeared  in 
1743,  and  was  observed  by  Zanetti  at  Bologna ;  the  observatLons 
indicate  an  elliptic  orbit,  with  a  period  of  about  5^  years. 

588.  Billptlc  comet  of  1766. —  This  comet,  which  was  ob- 
served by  Messier,  at  Paris,  and  by  La  Nux,  at  the  Isle  of  Bourboiii 
revolved,  according  to  the  calculations  of  Burckhardt,  in  an  ellipse 
with  a  period  of  5  years. 

589.  l»exelVm  comet. —  The  history  of  astronomy  has  recorded 
one  singular  example  of  a  comet  which  appeared  in  the  system^ 
made  two  revolutions  round  the  sun  in  an  elliptic  orbit,  and  then 
disappeared,  never  having  been  seen  either  before  or  since. 

This  comet  was  discovered  by  Messier,  in  June  1770,  in  the 
constellation  of  Sagittarius,  between  the  head  and  the  northern 
extremity  of  the  bow,  and  was  observed  during  that  month.  It 
disappeared  in  July,  being  lost  in  the  sun's  rays.  After  passing 
through  its  perihelion,  it  re-appeared  about  the  4th  of  August,  and 
continued  to  be  observed  until  the  first  days  of  October,  when  it 
finally  disappeared. 

All  the  attempts  of  the  astronomers  of  that  day  failed  to  deduce 
the  path  of  this  comet  from  the  observations,  until  six  years  later^ 
in  1776,  Lexell  showed  that  the  observations  were  explained,  not, 
as  had  been  assumed  previously,  by  a  parabolic  path,  but  by  an 
ellipse,  and  one,  moreover,  without  any  example  at  that  epoch, 
which  indicated  the  short  period  of  5  J  years. 

It  was  immediately  objected  to  such  a  solution,  that  its  admis- 
sion would  involve  the  consequence  that  the  comet,  with  a  period 
so  short,  and  a  magnitude  and  splendour  such  as  it  exhibited  in 
1770,  must  have  been  frequently  seen  on  former  returns  to  perihe- 
lion ;  whereas  no  record  of  any  such  appearance  was  found. 

To  this  Lexell  replied,  by  showing  that  the  elements  of  its  orbit, 
derived  from  the  observations  made  in  1770,  were  such  that 
at  its  previous  aphelion,  in  1767,  the  comet  must  have  passed 
within  a  distance  of  the  planet  Jupiter  fifty-eight  times  less  than 
its  distance  from  the  sun ;  and  that  consequently  it  must  then  have 
sustained  an  attraction  from  the  great  mass  of  that  planet,  more 
than  three  times  more  energetic  than  that  of  the  sun ;  that  conse- 
quently it  was  thrown  out  of  the  orbit  in  which  it  previously 
moved,  into  the  elliptic  orbit  in  which  it  actually  moved  in  1 770  j 
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that  its  orbit  previously  to  i  'jd']  was,  according  to  all  probability, 
a  parabola ;  and,  finally,  that  consequently  moving  in  an  elliptic 
orbit  from  i  ']^-j  to  1 770,  and  having  the  periodicity  consequent  on 
such  motion,  it  nevertheless  moved  only  for  the  first  time  in  its  new 
orbit,  and  had  never  come  within  the  sphere  of  the  sun's  attraction 
before  this  epoch. 

Lexell  further  stated,  that  since  the  comet  passed  through  its 
aphelion,  which  nearly  intersected  Jupiter's  orbit  at  intervals  of  some- 
what above  5  J  years,  and  it  encountered  the  planet  near  that  point 
in  1 767,  the  period  of  the  planet  being  somewhat  above  1 1  years, 
the  planet  after  a  single  revolution,  and  the  comet  after  two  revolu- 
tions, must  necessarily  again  encounter  each  other  in  1 779 ;  and,  that 
since  the  orbit  was  such  that  the  comet  must  in  1 779  pass  at  a  dis- 
tance from  Jupiter  500  times  less  than  its  distance  from  the  sun,  it 
must  suffer  from  that  planet  an  action  250  times  greater  than  the 
sun's  attraction,  and  that  therefore  it  would  in  all  probability  be 
again  thrown  into  a  parabolic  or  hyperbolic  path ;  and  if  so,  that  it 
would  depart  for  ever  from  our  system  to  visit  other  spheres  of  at- 
traction. Lexell,  therefore,  anticipated  the  final  disappearance  of 
the  comet,  which  actually  took  place. 

In  the  interval  between  1 770  and  1 779,  the  comet  would  have 
returned  once  to  perihelion;  but  its  position  was  such  that  it  must 
have  been  above  the  horizon  only  during  the  day,  and  therefore 
could  not  in  the  actual  state  of  science  be  observed. 

590.  Analysis  of  liaplaoe  applied  to  Xiezell's  comet. — At 
this  epoch,  analytical  science  had  not  yet  supplied  a  definite  solution 
of  the  problem  of  cometary  disturbances.  At  a  later  period  the 
question  was  resumed  by  Laplace,  who  in  his  celebrated  work,  the 
Mecanique  celeste,  gave  the  general  solution  of  the  following 
problem. 

"  The  actual  orbit  of  a  comet  being  given,  what  was  its  orbit 
before,  and  what  will  be  its  orbit  after  being  submitted  to  any  given 
disturbing  action  of  a  planet  near  which  it  passes  ?  " 

591.  Its  orbit  before  1767  and  after  1770  oaloulated  by  Us 
formulee.  —  Applying  this  to  the  particular  case  of  Lexell's 
comet,  and  assuming  as  data  the  observations  recorded  in  1770, 
Laplace  showed  that,  before  sustaining  the  disturbing  action  of 
Jupiter  in  1767,  the  comet  must  have  moved  in  an  ellipse  of 
which  the  semi-axis  major  was  13*293  and  consequently  that  its 
period  instead  of  being  5§  years,  must  have  been  48  J  years ;  and 
that  the  excentricity  of  the  orbit  was  such,  that  its  perihelion 
distance  would  be  but  little  less  than  the  mean  distance  of 
Jupiter,  and  that  consequently  it  could  never  have  been  visible. 
It  followed  also  that,  after  suffering  the  disturbing  action  of 
Jupiter,  in  1 779,  the  comet  passed  into  an  elliptic  orbit  whoa^  %«n£^.- 
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axis  major  was  7*3,  that  its  period  was  consequent! j  20  TBais,  mi 
that  iu  excentricity  was  such,  that  its  perihelion  distance* was  mm 
than  twice  the  distance  of  MarS;  and  tliat  in  such  an  orint  it  Gooid 
not  become  visible. 

592.  Sevision  of  tliese  researelies  l^y  bk.  j^e  ▼errtar.- 
This  investijj^ation  has  recently  been  revised  bj  M.  Le  Veiriff*. 
who  has  shown  that  the  observations  of  1 770  "were  not  suf- 
ficiently definite  and  accurate  to  justify  conclusions  so  absolute.  He 
has  shown,  that  the  orbit  of  1 770  is  subject  to  an  uncertaiDtjnoiB- 
prised  between  certain  definite  limits;  that  tracing'  the  consequences 
of  this  to  the  positions  of  the  comet  in  1767  and  1779  these  w^ 
tions  are  subject  to  still  wider  limits  of  uncertainty.  Thus  he  show 
that,  compatibly  with  the  observations  of  1 770,  the  comet  might  h 
1779  pass  either  considerably  outside,  or  considerably  inafe 
Jupiter's  orbit,  or  might,  as  it  was  supposed  to  have  done,  hrn 
passed  actually  within  the  orbits  of  his  satellites.  He  deduca 
finally  the  following  general  conclusions :  — 

1 .  That  if  the  comet  had  passed  within  the  orbits  of  the  satellites, 
it  must  have  fallen  down  upon  the  planet  and  coalesced  with  it; 
an  incident  whith  he  thinks  highly  improbable,  though  not  ab- 
solutely impossible. 

2.  The  action  of  Jupiter  may  have  thrown  the  comet  into  a  pan- 
bolic  or  hyperbolic  orbit,  in  which  case  it  must  have  departed  from 
our  system  altogether,  never  to  return,  except  by  the  consequence 
of  some  disturbance  produced  in  another  sphere  of  attraction. 

3.  It  may  have  been  thrown  into  an  eUiptic  orbit,  hariuir  aercat 
axis  and  long  period,  and  so  placed  and  formed  that  the  comet 
could  never  become  visible  j  a  supposition  within  "which  comes  the 
solution  of  Laplace. 

4.  It  may  have  had  merely  its  elliptic  elements  more  or  lesa 
modified  by  the  action  of  the  planet,  without  losing  its  character  of 
short  periodicity  j  a  result  which  M.  Le  Terrier  thinks  the  most 
probable,  and  which  would  render  it  possible  that  this  comet  may 
still  be  identified  with  some  one  of  the  many  comets  of  short 
period,  which  the  activity  and  sagacity  of  observers  are  continually 
discovering. 

To  facilitate  such  researches  M.  Le  Verrier  has  griven  a  table 
including  all  the  possible  systems  of  elliptic  elements  of  short 
period  which  the  comet  could  have  assumed,  subject  to  the  dis- 
turbing action  of  Jupiter  in  1 779,  and  taking  the  observations  of 
1 770  within  their  possible  limits  of  error. 

He  further  demonstrates,  that  the  orbit  in  which  the  comet 
moved  antecedently  to  the  disturbing  action  of  Jupiter  upon  it  in 

*  See  M€nunre»  dt  VAcademit  des  Sciences,  1847*  184S, 
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1  "j^^y  not  only  could  not  have  been  a  parabola  or  Hyperbola,  but 
must  have  been  an  ellipse,  whose  major  axis  was  considerably  less 
than  that  which  Laplace  deduced  from  the  insufficient  observations  of 
Messier.  He  shows  that,  before  that  epoch,  the  perihelion  distance 
of  the  comet  could  not,  under  any  possible  supposition,  have  ex- 
ceeded three  times  the  earth's  mean  distance,  and  most  probably  was 
included  between  i^and  2  times  that  distance  \  and  that  the  semi- 
axis  major  of  the  orbit  could  not  have  exceeded  4^^  times  the 
earth's  mean  distance,  a  magnitude  3  times  less  than  that  assigned 
to  it  by  the  calculations  of  Laplace. 

593.  Process  by  wblcli  tbe  Identiflcatioii  of  periodic 
comets  maybe  decided. — It  must  not,  however,  be  supposed 
that  it  is  sufficient  to  compare  the  actual  elements  of  each  periodic 
comet  thus  discovered,  witib  the  elements  given  in  the  table  of  M.  Le 
Verrier,  and  to  infer  the  absence  of  identity  from  their  discordance. 
Such  an  inference  would  only  be  rendered  valid  by  showing  that  in 
past  ages,  the  comet  in  question  had  suffisred  no  serious  disturb- 
ing action  by  which  the  elements  of  its  orbit  could  be  considerably 
changed.  To  decide  the  question,  a  much  more  laborious  and  dif-i 
ficult  process  must  be  encountered ;  a  process  from  which  the  un- 
tiring spirit  of  M.  Le  Verrier  has  not  shrunk.  It  is  necessary,  in 
fine,  to  the  satisfactory  and  conclusive  solution  of  such  a  problem, 
that  the  periodic  comet  in  question  should  be  traced  back  through 
all  its  previous  revolutions  up  to  1 779,  that  all  the  disturbances 
which  it  suffered  from  the  planets  which  it  encountered  in  that 
interval  be  calcidated  and  ascertained,  and  that  by  such  means  the 
orbit  which  it  must  have  had  previous  to  such  disturbances,  in 
1779,  ^®  determined.  Such  orbit  would  then  be  compared  with 
the  table  of  possible  orbits  of  Lexell's  comet,  as  given  by  M.  Le 
Verrier  ;  and  if  it  were  found  to  be  identical  with  any  of  them,  the 
identity  of  the  comet  in  question  with  that  of  Lexell,  would  be  in- 
ferred with  the  highest  degree  of  probability ;  but  if,  on  the  other 
hand,  such  di^repancies  were  found  to  prevail  as  must  exceed  all 
supposable  errors  of  observation  or  calculation,  the  diversity  of  the 
comets  would  follow. 

594.  Applicatioii  of  tills  process  by  M.  XiC  Verrier  to  tbe 
comets  of  Faye,  Be  Vlco,  and  Brorsen,  and  tbat  of  Bezell.  — 
Tbeir  diversity  proved. — M.  Le  Verrier  has  applied  these  prin- 
ciples to  the  comets  of  Faye,  De  Vico,  and  Brorsen ;  tracing  back 
their  histories  during  their  unseen  motions  for  three  quarters  of  a 
century,  and  ascertaining  the  eiffects  of  the  disturbing  actions  whicl^ 
they  must  severally  have  sustained  from  revolution  to  revolution, 
until  he  brought  them  to  the  epoch  of  1779.  On  comparing  the 
orbits  thus  determined  with  those  of  the  table  of  possible  orbits  0% 
Lexell's  comet,  he  has  shown  that  none  of  them  can  be  identijs^ 
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with  it,  however  strongly  some  of  the  elements  of  their  piesent 
orbits  may  raise  such  a  presumption. 

595.  Blainpain's  comet  of  1819. — M.  Blainpain  discovered  a 
comet  at  Marseilles  on  the  28  th  of  November,  1 8 19,  which  was 
observed  at  Milan  until  the  25th  of  January,  1 820.  The  obseira- 
tions  reduced  and  calculated  by  Professor  £]ncke  gave  an  elliptic 
orbit  with  a  period  a  little  short  of  5  years.  Clausen  conjectmes 
that  this  comet  may  be  identical  with  that  of  1743.  ^^  ^  ^^^ 
been  seen  since  1820. 

596.  Pons'  comet  of  1819. — A  comet  Tvas  discovered  bjM. 
Pons  on  the  1 2th  of  June,  1 8 1 9,  which  was  observed  until  the 
19th  of  July.  Professor  Encke  assigned  to  it  an  elliptic  orbity  ^ 
a  period  of  5  J  years. 

597.  Plffott's  comet  of  1783. — A  cornet^  discovered  b^ 
Mr.  Pigott  at  New  York  in  1783,  was  shown  by  Hurckhaidt  ^ 
have  an  elliptic  orbit,  with  a  period  of  5  J  years. 

598.  Peters'  comet  of  1846. —  On  the  26th  of  June,  1846,1 
comet  was  discovered  at  Naples  by  M.  Peters,  which  was  subse- 
quently observed  at  Rome  by  De  Vico,  and  continued  to  be  seen 
until  the  21st  of  July.  An  elliptic  orbit  is  assigned  to  this  comet, 
with  a  period  of  from  1 3  to  16  years ;  some  uncertainty  is  attached, 
however,  to  this  determination. 

m.    Elliptic  Comets,  whose   mean  distances    abe  iteabit 

EQUAL  TO  THAT  OF  UrANUS. 

599.  Comets  of  longr  periods  first  recogrnised  as  perlodlet— 

It  might  be  expected,  that  comets  moving  in  elliptic  orbits  of  small 
dimensions,  and  consequently  having  short  periods,  would  have 
been  the  first  in  which  the  character  of  periodicity  would  be  dis- 
covered. The  comparative  frequency  of  their  returns  to  those 
positions  near  perihelion,  where  alone  bodies  of  this  class  are 
visible  from  the  earth,  and  the  consequent  possibility  of  verifying 
the  fact  of  periodicity,  by  ascertaining  the  equality  of  the  in- 
tervals between  their  successive  returns  to  the  same  heliocentric 
position,  to  say  nothing  of  the  more  distinctly  elliptic  form  of  the 
arcs  of  their  orbits  in  which  they  can  be  inunediately  obserred, 
would  afford  strong  ground  for  such  an  expectation  ;  nevertheless 
in  this  case,  as  has  happened  in  so  many  others  in  the  progress  of 
physical  knowledge,  the  actual  results  of  observation  and  research 
have  been  directiy  contrary  to  such  an  anticipation;  the  most 
remarkable  case  of  a  comet  of  large  orbit,  long  period,  and  rare 
returns,  being  the  first,  and  those  of  small  orbits,  short  periods, 
and  frequent  returns,  the  last  whose  periodicity  has  been  dis- 
covered. 
600.  Wewton*s  eoAjectnres  as  to  the  ezlstenee  cftT 
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of  longr  periods.  —  It  is  evident  that  the  idea  of  *  the  possible 
existence  of  comets  with  periods  shorter  than  those  of  the  more 
remote  planets,  and  orbits  circumscribed  within  the  limits  of  the 
solar  system,  never  occurred  to  the  mind  either  of  Newton  or  any 
of  his  contemporaries  or  immediate  successors. 

In  the  third  book  of  his  pbincipia,  he  calls  cometa  a  species  of 
planets,  revolving  in  elliptic  orbits  of  a  very  oval  form.  But  he 
continues,  "  I  leave  to  be  determined  by  others  the  transverse 
diameters  and  periods,  by  comparing  comets  which  return  after 
long  intervals  of  time  to  the  same  orbits." 

It  is  interesting  to  observe  the  avidity  with-  which  minds  of*  a 
certain  order  snatch  at  such  generalisations,  even  when  but  slenderly 
founded  upon  facts.  These  conjectures  of  Newton  were  soon  after 
adopted  by  Voltaire : "  II  y  a  quelque  apparence,'*  says  he,  in  an 
essay  on  comets,  "  qu'on  connaitra  un  jour  un  certain  nombre  de 
ces  auti'es  planetes  qui,  sous  le  nom  de  cometes,  toument  comme 
nous  autour  du  soleit,  mais  il  ne  faut  pas  esp^rer  qu'on  les  connais- 
sent  toutes." 

And  again,  elsewhere,  on  the  same  subject :  — 

"  Cometes,  que  Ton  craint  k  I'^gal  du  tonnerre^ 
Cessez  d^^pouvanter  les  peuples  de  la  terre ; 
Dans  une  ellipse  immense  achevez  voire  cours, 
Remontez,  descendez  pr^  de  Fastre  des  jours." 

60 1.  Bailey's  researelies. ■ — Extraordinary  as  these  conjec- 
tures must  have  appeared  at  the  time,  they  were  soon  strictly 
realised.  HaUey  undertook  the  labour  of  examining  the  circum- 
stances attending  all  the  comets  previously  recorded,  with  a  view 
to  discover  whether  any,  and  which  of  them,  appeared  to  follow 
the  same  path.  He  found  that  a  comet  which  had  been  observed 
by  himself,  by  Newton,  and  their  contemporaries  in  168 2,  followed 
a  path  while  visible,  which  coincided  so  nearly  with  those  of 
comets  which  had  been  observed  in  1607,  and  in  1531,  as  to 
render  it  extremely  probable,  that  these  objects  were  the  same 
identical  comet,  revolving  in  an  elliptic  orbit  of  such  dimensions, 
as  to  cause  its  return  to  perihelion  at  intervals  of  75 — 76  years. 

The  comet  of  1682  had  been  well  observed  by  La  Hire,  Picard, 
Hevelius,  and  Flamsteed,  whose  observations  supplied  all  the  data 
necessary  to  calculate  its  path  while  visible.  That  of  1 607  had  been 
observed  by  Kepler  and  Longomontanus ;  and  that  of  1 531,  by 
Pierre  Apian  at  Ingolstadt,  the  observations  in  both  cases  being  also 
sufficient  for  the  determination  of  the  path  of  the  body,  with  all  the 
accuracy  necessary  for  its  identification. 

602.  Bailey  predicts  its  re-appearance  in  1758-9. — Of  the 
identity  of  the  paths  while  visible  on  each  of  these  eLi^^^«sasi<^^"5^ 
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Halley  entertained  no  doubt ;  and  announced  to  tlie  world  the  dis- 
covery of  the  elliptic  motion  of  comets,  as  the  result  of  combined 
observation  and  calculation,  and  entitled  to  as  much  confidence  as 
any  other  consequence  of  an  established  physical  law ;  and  predicted 
the  re-appearance  of  this  body,  on  its  succeeding  retuifti  to  perihe- 
lion, in  1758-9.     He  observed,  however,  that  as  in  the  interval 
between  1607  and  1682,  the  comet  passed  near  Jupiter,  its  velocity 
must  have  been  augmented,  and  consequently  its  period  shortened  by 
the  action  of  that  planet.    This  period,  therefore,  having  been  only 
seventy-live  years,  he  ioferred  that  the  following  period  would  pro- 
bably be  seventy-six  years  or  upwards ;  and  consequently  that  the 
comet  ought  not  to  be  expected  to  appear  until  the  end  of  1758,  or 
^he  beginning  of  1 759.    It  is  impossible  to  imagine  any  quality  of 
mind  more  enviable  than  that  which,  in  the  existing  state  of  mathe« 
matical  physics,  could  have  led  to  such  a  prediction.    The  imperfect 
state  of  science  rendered  it  impossible  for  Halley  to  offer  to  the 
world  a  demonstration  of  the  event  which  he  foretold.    "He  there- 
fore," says  M.  de  Pont^coulant,  '^  could  only  announce  these  feli- 
citous conceptions  of  a  sagacious  mind  as  mere  intuitive  perceptions, 
which  must  be  received  as  imcertain  by  the  world,  however  he 
might  have  felt  them  himself,  imtil  they  could  be  verified  by  the 
process  of  a  rigorous  analysis." 

Subsequent  researches  gave  increased  force  to  Halley 's  prediction; 
for  it  appeared  from  the  ancient  records  of  observers,  that  comets 
had  been  seen  in  1456*  and  1378,  whose  elements  were  identical 
with  those  of  the  comet  of  1682. 

*  The  appearance  of  this  comet  in  1456,  was  described  by  contemporaiy 
autborities  to  have  been  an  object  of  ** unheard-of  magnitude;"  it  was 
accompanied  by  a  tail  of  extraordinary  length,  which  extended  over  sixty 
degrees,  (a  third  of  the  heavens,)  and  continued  to  be  seen  daring  the  whole 
of  the  month  of  June.  The  influence  which  was  attributed  to  this  appear- 
ance, renders  it  probable  that  in  the  record  there  exists  more  or  less  of 
exaggeration.  It  was  considered  as  the  celestial  indication  of  the  rapid  suc- 
cess of  Mahommed  XL,  who  had  taken  Constantinople,  and  struck  terror 
into  the  whole  Christian  world.  Pope  Calixtus  II.  levelled  the  tJiunders  of 
the  Church  against  the  enemies  of  his  faith,  terrestrial  and  celestial,  and  in 
the  same  bull  exorcised  the  Turks  and  the  comet ;  and  in  order  that  the 
memory  of  this  manifestation  of  his  power  should  be  for  ever  preserved,  he 
ordained  that  the  bells  of  all  the  churches  should  be  rung  at  midday,  —  a 
custom  which  is  preserved  in  those  countries  to  our  times.  It  must  be 
admitted  that,  notwithstanding  the  terrors  of  the  Church,  the  comet  poisned 
its  course  with  as  much  ease  and  security  as  those  with  which  Mahomioed 
converted  the  church  of  St  Sophia  into  his  principal  mosque. 

The  extraordinary  length  and  brilliancy  which  was  ascribed  to  the  tail 
upon  this  occasion,  have  led  astronomers  to  investigate  the  circomstances 
under  which  its  brightness  and  magnitude  would  be  the  greatest  poeatble; 
And,  upon  tracing  back  the  motion  of  the  comet  to  the  year  1456^  it  hat 
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603.  Great  advance  of  matbematlcal  and  phjreieal  seienees 
between  1682  and  I759t — In  the  interval  of  three  quarters  of  a 
century  which  elapsed  between  the  announcement  of  Halley^s  pre- 
diction and  the  date  of  its  expected  fulfilment^  great  advances  were 
made  in  mathematical  science^  new  and  improved  methods  of  in- 
vestigation and  calculation  were  invented ;  and^  in  fine^  the  theory 
of  gravitation  was  pursued  with  extraordinary  activity  and  success 
through  its  consequences  in  the  mutual  disturbances  produced  upon 
the  motions  of  the  planets  and  satellites;  by  the  attraction  of  their 
masses  one  upon  another.  As  the  epoch  of  the  expected  return  of 
the  comet  to  its  perihelion  approached^  therefore^  the  scientific  world 
resolved  to  divest,  as  far  as  possible^  the  prediction,  of  that  vague- 
ness which  necessarily  attended  it  owing  to  the  imperfect  state  of 
science  at  the  time  it  was  made,  and  to  calculate  the  exact  efiects 
of  those  planets  whose  masses  were  sufficiently  great,  in  accelerating 
or  retarding  its  motion  while  passing  near  them. 

604.  Szact  patb  of  tbe  oomet  on  its  retonif  and  tinie  of 
its  perihelion  calculated  and  predicted  by  Clairant  and 
Kalande.  —  This  inquiry,  which  presented  great  mathematical 
difficulties  and  involved  enormous  arithmetical  labour,  was  under- 
taken by  Clairaut  and  Lalande :  the  former,  a  mathematician  and 
natural  philosopher,  who  had  already  applied  with  great  success 
the  principles  of  gravitation  to  the  motions  of  the  moon,  imdertook 
the  purely  analytical  part  of  the  investigation,  which  consisted  in 
estabUshing  certain  general  algebraical  formulae,  by  which  the 
disturbing  actions  exerted  by  the  planets  on  the  comet  were  ex- 
pressed ;  and  Lalande,  an  eminent  practical  astronomer,  imdertook 
the  labour  of  the  arithmetical  computations,  in  which  he  was 
assisted  by  a  lady,  Madame  Lepaute,  whose  name  has  thus  become 
celebrated  in  the  annals  of  science. 

These  elaborate  calculations  being  completed,  Clairaut  pre- 
sented the  result  of  their  joint  labours,  in  a  memoir  to  the  Academy 
of  Sciences  of  Paris*^  in  which  he  predicted  the  next  arrival  of 

been  found  that  it  was  then  actually  under  the  circumstances  of  position 
with  respect  to  the  earth  and  stm  most  favourable  to  magnitude  and  splendour. 
So  far,  therefore,  the  results  of  astronomical  calculation  corroborate  the 
records  of  history. 

*  When  it  is  considered  that  the  period  of  Halley's  comet  is  about 
seventy-five  years,  and  that  every  portion  of  its  course,  for  two  successive 
periods,  was  necessary  to  be  calculated  separately  in  this  way,  some  notion 
may  be  formed  of  the  labour  encountered  by  Lalande  and  Madame  Lepaute. 
*'  During  six  months,"  says  Lalande,  **  we  calculated  from  morning  till  night, 
sometimes  even  at  meals ;  the  consequence  of  which  was,  that  I  contracted 
an  illness  which  changed  my  constitution  for  the  remainder  of  my  life.  The 
assistance  rendered  by  Madame  Lepaute  was  such,  that  without  her  we 
never  could  have  dai^  to  undertake  this  enormous  labooi,  m^\^ODk.\\.>R>A 
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the  comet  at  perihelion;  on  the  1 8tli  of  April^  ^759}^  d^y  l^o^- 
ever^  which  ^  before  the  re-appearance  of  the  comety  he  foimd 
reaA^m  to  change  to  the  iith  of  April;  and  assigned  the  path 
which  the  comet  would  follow  while  viBible,  as  determined  hy  the 
following  (lata : — 

Inclination.       Long,  of  node.    Long,  of  perihel*     PeribeU  dist.        DfraetiiB. 

^7'' 37'         53°  50'        303**  10"         O'SS  retrognde, 

60  5 .  Bemarkable  antloipatlon  of  tbe  dlseoverj  of  Tngy. 

—  In  announcing  his  prediction,  Clairaut  stated,  that  the  tine 
aggigned  for  the  approaching  perihelion  mightvaiy  firom  the  actoil 
time  to  the  extent  of  a  month ;  for  that  independentlj  of  any  einr 
either  in  the  methods  or  process  of  calculation^  the  event  n^ig*t 
deviate  more  or  less  from  its  predicted  occurrence,  by  reason  d 
the  attraction  of  an  undiscovered  planet  of  our  system  reodrnj 
beymd  the  orbit  of  Saturn,  In  twenty-two  years  after  this  time, 
this  conjecture  was  realised  by  the  discovery  of  the  planet  Unniu^ 
by  the  late  Sir  William  Herschel^  revolving  round  the  sun  neoif 
one  thousand  millions  of  miles  beyond  the  orbit  of  Saturn  f 

606.  Prediction  of  Kalley  and  Clalrant  AiUiiiea  bj  it- 
appearanoe  of  tbe  oomet  in  1758-9. — The  comet,  in  fine, 
appeared  in  December^  1758;  and  followed  the  path  predicted I7 
Clairaut;  which  differed  but  little  from  that  which  it  liad  pnnoed 
on  former  appearances,  as  will  be  seen  by  a  comparison  of  the 
elements  as  given  above  with  those  since  ascertained.  It  passed 
through  perihelion  on  the  13  th  of  March,  within  22  days  of  the 
time,  and  within  the  limit  of  the  possible  errors  assigned  by 
Clfiiraut. 

607.  Bistnrbing  action  of  a  planet  on  a  comet  explained* 

—  The  general  effects  of  a  planet  in  accelerating  or  retarding  the 
motion  of  a  comet  are  easily  explained,  although  the  exact  details 
of  the  disturbances  are  too  complicated  to  admit  of  any  expositi(m 
here. 

iicccflsary  to  calculate  the  distance  of  each  of  the  two  planets,  Jupiter  and 
Haturn,  from  the  comet,  and  their  attraction  upon  that  body,  separately  fbr 
every  Buccessive  degree,  and  for  150  years." 

The  name  of  Madame  Lepaute  does  not  appear  in  Clairant's  memoir-  t 
flupprcssion  which  Lalande  attributes  to  the  influence  exercised  by  another 
lady  to  whom  Clairaut  was  attached.  Lalande,  however,  quotes  letters  of 
Clairaut,  in  which  he  speaks  in  terms  of  high  admiration  of  **  la  savante 
calculatrice.'*  The  labours  of  this  lady  in  the  work  of  calculation  (for  she 
also  assisted  Lalande  in  constructing  his  Ephemeride$)  at  length  so  weakened 
her  si^bt  that  she  was  compelled  to  desist.  She  died  in  1788,  while  attending 
on  her  husband,  who  had  become  insane.  See  the  articles  on  comets,  by 
IVof.  do  Morgan,  in  lh«  Companion  to  (A«  British  Almanac  for  the  year  tS^%» 
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Let  F,^.  94,  Tepramnt  the  place  of  the  diatorbin^  pluiet,  and 
c  that  of  the  comjat.  The  attnction  of  the  planet  dq  the  comet 
'will  then  be  a  force  directed  from  o  rf 

towards  p,  and  by  tbe  principle  of  the 
compositian  of  forces,  is  equivalent  to  two 
components,  one  c  m  in  the  direction  of 
the  comet's  path,  and  the  other  o  n  per- 
pendicular to  that  path.  If  the  motion 
of  the  comet  be  directed  bom  o  towards  ^^ 

»i,  it  will  be  accelerated ;  and  if  it  be 

directed  fiom  c  t/iwards  m',  it  will  be  retarded  hy  that  component 
of  tbe  planet's  attraction  which  is  directed  from  o  to  nt.  The  other 
component  a  n  being  at  right  angles  to  the  comet's  motion,  will 
have  no  direct  effect  either  in  accelerating  oi 

It  appears,  therefore,  in  general  ,- 
that,  if  the  direction  of  the  comet's 
motion  c  m  make  an  acute  sngle  with 
the  line  0  F  drawn  to  the  plaoet,  the 
planet's  attraction  will  accelerate  it ; 
and  if  its  direction  o  m"  make  an 
obtuse  angle  with  the  line  a  p,  it 
will  retard  it. 

This  being  nnderstood,  the  dis- 
turbing action  of  a  planet  such  as 
Jupiter  OT  Satnm  on  a  comet  such  as  | 
Halley's  may  be  easily  comprehend- 
ed. In  _fiff.  9;,  the  orbit  of  the 
comet  is  represented  at  A  0  F  c"  ii 
proper  proportions,  A  p  being  ^e  I 
major  axis,  p  the  place  of  perihelion, 
A  that  of  aphelion,  and  s  that  of  the 
focus  in  which  the  eun  is  placed. 
Tbe  smalt  circle  described  round  a 
represents  in  its  proper  proportions 
the  orbit  of  the  earth,  whose  distance 
is  about  twice  that  of  the  comet 
when  the  latter  is  at  perihelion.  The 
circle  pp'^'  represents  in  its  proper 
proportionBtheorbit  of  Jupiter,  which, 
for  illustration,  we  shall  consider  at 
the  disturbing  planet. 

It  will  be  apparent  on  the  mere 
inspection  of  the  diagiam,  that  lines  drawn  from  the  planet,  what- 
ever be  its  place,  to  any  pomt  whatever  of  the  comet's  path  be- 
tween its  aphelion  A  and  the  point  m'  where  it  am."je»  »!i.  "ina  t*s&. 
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of  the  planet  in  approaching  the  sun^  will  make  ficnte  aiig^  with 
the  direction  of  the  comet's  motion;  and  that,  oaosequently the 
comet  will  be  accelerated  bj  the  action  of  the  planet.  In  like 
manner,  it  is  apparent  that  lines  drawn  from  the  planet^  whatever 
be  its  place,  to  any  point  whatever  of  the  comet's  path  between 
tn  and  aphelion  a,  will  make  obtuse  angles  "with  tiie  dueetioii 
of  the  comet's  motion ;  and,  consequently,  the  comet  will  \»  re- 
tarded b  J  the  action  of  the  planet,  in  departing  fix>m.  the  sun,  tai 
tn  to  A. 

In  that  part  of  the  comet's  path  which  lies  within  the  planet's 
orbit,  the  action  of  the  planet  altenmtely  accelerates  and  letiids 
it,  according  to  their  relative  position.  If  the  planet  be  at  ji^ 
suppose  p  o  drawn  so  as  to  be  at  right  angles  to  the  path  of  ^ 
comet.  Between  mf  and  o  the  action  of  the  planet  at  p  will  acode- 
rate  the  comet,  and  after  the  comet  passes  o  it  will  retard  it  In 
like  manner  if  the  planet  be  at  p^^,  it  will  first  retard  the  motion  d 
the  comet  proceeding  from  mf  towards  a,  and  will  continne  to  do 
so  until  the  line  of  direction  becomes  perpendicular  to  that  of  the 
comet's  motion,  after  which  it  will  accelerate  it.  > 

It  appears,  therefore,  that  during  the  period  of  the  comet  the 
disturbing  action  of  the  planet  is  subject  to  several  changes  d 
direction,  owing  partly  to  the  change  of  position  of  the  comet  ani 
partly  to  that  of  the  planet  \  and  the  total  effect  oS.  the  distorbing 
action  of  the  planet  on  the  comet's  period  is  found  by  taking  the 
difference  between  the  total  amount  of  all  the  aoceleratiiig  and  aH 
the  retarding  actions. 

In  the  case  of  the  planet  Jupiter  and  Halley's  comet,  the  forma 
makes  nearly  seven  complete  revolutions  in  a  single  period  of 
the  comet;  and  consequently  its  disturbing  action  is  not  (»i1t 
subject  to  several  changes  of  direction,  but  also  to  continiud 
variation  of  intensity,  owing  to  its  change  of  distance  from  tho 
comet. 

Small  as  the  arc  m'  F  m  of  the  comet's  path  is  which  is  included 
within  the  orbit  of  Jupiter,  the  fraction  of  the  period  in  "which  this 
arc  is  traversed  by  the  comet  is  much  smaller,  as  will  be  apparent 
by  considering  the  application  of  the  principle  of  equable  areas  to 
this  case.  The  time  taken  by  the  comet  to  move  over  the  arc  m'pm 
is  in  the  same  proportion  to  its  entire  period,  as  the  area  included 
between  the  arc  m'  p  m  and  the  lines  m^  s  and  m  s  is  to  the  entire 
area  of  the  ellipse  a  p. 

To  simplify  the  explanation,  the  orbit  of  the  comet  has  here  been 
supposed  to  be  in  the  plane  of  that  of  the  disturbing  planet.  If  it 
be  not,  the  disturbing  action  will  have  another  component  at  right 
angles  to  the  plane  of  the  comet's  orbit,  the  effect  of  which  will  be 
a  tendency  to  vary  the  inclination. 
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608.  Sffect  of  tbe  perturbing  aotlon  of  Japlter  and  Saturn 
on  Kalley's  oomet  between  1032  and  1758. — The  result  of  the 
investigation  by  Clairaut  showed  that  the  total  effect  of  the  dis- 
turbing action  of  Jupiter  and  Saturn  on  Halley's  comet  between 
its  perihelions  in  1682  and  in  1759^  was  to  increase  its  period  by 
618  days  as  compared  with  the  time  of  its  preceding  revolution, 
of  which  increase,  100  days  were  due  to  the  action  of  Satuiu,  and 
5 1 8  to  that  of  Jupiter. 

Clairaut  did  not  take  into  account  the  disturbing  action  of  the 
earth;  which  was  not  altogether  inconsiderable,  and  could  not  allow 
for  those  of  the  undiscovered  planets  Uranus  and  Neptune.  The 
effects  of  the  action  of  the  other  planets.  Mars,  Venus,  Mercuiy, 
and  the  planetoids,  are  in  these  cases  insignificant 

609.  Caleulatione  of  its  return  In  1835-6.  —  In  the  interval 
of  three-quarters  of  a  century  which  preceded  the  next  re-appear^ 
ance  of  this  comet,  science  continued  to  progress,  and  instnunents 
of  observation  and  principles  and  methods  of  investigation  were 
still  further  improved ;  and,  above  all,  the  number  of  observers  was 
greatly  augmented.  Before  the  epoch  of  its  return  in  1835,  its 
motions,  and  the  effects  produced  upon  them  by  the  disturbing 
action  of  the  several  planets,  were  computed  by  MM.  Damoiseau, 
Pont^coidant,  Eosenberger,  and  Lehmann,  who  severally  predicted 
its  arrival  at  perihelion :  — 

Damoisean  -  -  -  -     4th  Nov.  183$. 

Pont^coulant  ....     7th        „ 

Rosenberger  -  -  -  -  nth         „ 

Lehmann  ....  26th        „ 

610.  Predictions  folfllled.  —  These  predictions  were  all  pubr 
lished  before  July,  1835.  ^®  comet  was  seen  at  Home  on  the  5  th  of 
August,  in  a  position  within  one  degree  of  the  place  assigned  to  it  for 
that  day  in  the  ephemeris  of  M.  Eosenberger.  On  the  20th  of  August 
it  became  visible  to  all  observers,  and  pursued  the  course  with  very 
little  deviation  which  had  been  assigned  to  it  in  the  ephemerides, 
arriving  at  its  perihelion  on  the  i6th  of  November,  being  very 
nearly  a  mean  between  the  four  epochs  assigned  in  the  predictions. 

After  this,  passing  south  of  the  equator,  it  was  not  visible  in 
northern  latitudes,  but  continued  to  be  seen  in  the  southern  hemi- 
sphere until  the  5th  of  May,  1836,  when  it  finally  disappeared,  not 
again  to  return  until  the  year  191 1. 

It  appears  that  the  mean  distance  of  this  comet  is  about  eighteen 
times  that  of  the  earth,  and  that  it  is  consequently  a  little  less  than 
the  mean  distance  of  Uranus.  When  in  perihelion,  its  distance 
from  the  sun  is  about  half  the  earth's  distance,  while  its  distance 
in  aphelion  is  above  thirty-five  times  the  earth's  distance,  and 
therefore  seventy  times  its  perihelion  distance. 
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61 1.  Pons'  oomet  of  1812. — On  tht  20th  of  July,  1812^  a 
comet  was  discovered  by  M.  Pons,  whose  orbit  was  calculated  by 
Professor  Encke,  and  was  found  to  be  an  ellipse  of  such  dimensions 
as  to  give  a  period  of  75^^  years,  equal  to  that  of  Halley's  comet. 

612.  Olbers'  comet  of  1815.  —  On  the  6th  of  March,  1 81 5, 
Br.  Olbers  discovered  at  Bremen  a  comet  whose  orbit,  calculated 
by  Professor  Bessel,  proved  to  be  an  ellipse,  with  a  period  of  74 
years.  The  next  perihelion  passage  of  this  comet  is  predicted  for 
the  9th  of  February,  1 887. 

613.  Do  ▼Ico's  comet  of  1846. — On  the  28th  of  Febmaiy, 
1 846,  M.  de  Vico  discovered  a  comet  at  Rome,  whose  orbit  appears 
to  be  an  ellipse,  with  a  period  of  72-73  years. 

614.  Brorsen's  comet  of  1847. — A  comet  was  discovered  by 
M  Brorsen  at  Altona,  on  the  20th  of  July,  1 847  ;  the  orbit  of  whi(^ 
appears  to  be  an  ellipse,  with  a  period  of  about  '/^  years. 

'615.  lirestplial*s  comet  of  1852. — ^A  comet  was  discovered 
at  Gottingen,  by  M.  Westphal,  on  the  2  7th  of  June,  1852.  Its  orbit 
also  appears  to  be  an  ellipse,  with  a  period  of  about  70  years. 

616.  Comets  witb  orbits  of  ffreat  ezcentiicitj',  4be. — With 
regard  to  comets  having  elliptic  orbits  of  great  excentricity,  as  well 
as  those  whose  orbits  are  parabolic  or  hyperbolic,  it  is  unnecessaiy 
to  enter  into  any  detail.  Even  comets  whose  orbits  have  been 
found  to  be  elliptical,  have  periods  amounting  in  several  cases  to 
many  thousands  of  years,  whereas  those  whose  orbits  are  parabolic 
or  hyperbolic  have  appeared  amongst  us  for  a  short  time,  then 
leaving  our  skies  never,  most  probably,  to  return.  Some  of  these 
comets  have,  however,  in  their  time  created  considerable  interest 
by  their  magnitude  and  brilliancy.  As  an  example,  all  can  recollect 
the  magnificent  appearance  in  the  heavens  of  Bonati's  comet  in  Ihe 
autumn  of  1858,  yet  a  period  of  upwards  of  two  thousand  years 
must  elapse  before  it  can  again  be  visible  to  the  inhabitants  of  Ihe 
earth.  Astronomically  speaking,  these  splendid  comets  which 
cause  such  universal  interest  at  the  time  of  their  visibility,  sink  into 
insignificance,  on  account  of  their  uncertain  period,  in  comparison 
with  the  faint  comets  of  short  period,  such  as  Ihicke's,  Biela'Sy 
Faye's,  and  others,  the  orbits  of  which  are  known  with  nearly  the 
same  accuracy  as  those  of  the  separate  planets  of  the  solar  system. 
We  have  not  space  to  give  a  catalogue  of  all  the  comets  which 
may  be  classed  under  this  section,  but  if  the  reader  be  desirous  of 
entering  more  fully  into  the  knowledge  of  the  existence  and  motions 
of  these  wandering  bodies,  reference  can  be  made  to  the  work  on 
comets  by  Mr.  Hind,  who  has  devoted  so  much  attention  to  the 
subject  of  cometary  astronomy.  Mr.  Hind  has  given  a  catalogue 
of  the  orbits  of  all  the  comets  hitherto  computed,  together  with 
explaa&tory  notes  giving  considerable  information. 
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IV.  Physical  CoNSTrrunoir  of  Comets. 

617.  Apparent  form— Bead  and  TalL — Comets  in  general, 
and  more  especially  those  which  are  visible  without  a  telescope, 
present  the  appearance  of  a  roundish  mass  of  illuminated  vapour  or 
nebulous  matter,  to  which  is  often,  though  not  always,  attached  a 
train  more  or  less  extensiye,  composed  of  matter  having  a  like  ap- 
pearance. The  former  is  called  ike  head,  and  the  latter  the  tail 
of  the  comet. 

618.  VueleuMm — The  illumination  of  the  head  is  not  generally 
uniform.  Sometimes  a  bright  central  spot  is  seen  in  the  nebulous 
matter  which  forms  it.    This  is  called  the  bitcletjs. 

The  nucleus  sometimes  appears  as  a  bright  stellar  point,  and 
sometimes  presents  the  appearance  of  a  planetary  disk  seen  through 
a  nebulous  haze.  In  general,  however,  on  examining  the  object 
with  high  optical  power,  these  appearances  are  changed,  and  the 
object  seems  to  be  a  mere  mass  of  illuminated  vapour  from  its  ^ 
borders  to  its  centre. 

619.  Coma. — When  a  nucleus  is  apparent,  or  supposed  to  be  so, 
the  nebulous  haze  which  surrounds  it  and  forms  the  exterior  part  of 
the  head  is  called  the  coma, 

620.  Oriffln  of  the  name. — These  designations  are  taken 
from  the  Greek  word  ko/a^  (kom4),  hair,  the  nebulous  matter 
composing  the  coma  and  tail  being  supposed  to  resemble  hair, 
and  the  object  being  therefore  called  ko/a^s  (kometes),  a  haiiy 
star. 

62 1 .  Maffnitnde  of  tbe  bead. — As  the  brightness  of  the  coma 
gradually  fades  away  towards  the  edges,  it  is  impossible  to  deter- 
mine with  any  great  degree  of  precision  its  real  dimensions.  These, 
however,  are  obviously  subject  to  enormous  variation,  not  only  in 
different  comets  compared  one  with  another,  but  even  in  the  same 
comet  during  the  interval  of  a  single  perihelion  passage.  The  great- 
est of  those  which  have  been  submitted  to  micrometrical  measure- 
ment was  the  great  comet  of  181 1,  the  diameter  of  the  head  of 
which  was  found  to  be  not  less  than  l^  millions  of  miles,  which 
would  give  a  volume  greater  than  that  of  the  sun  in  the  ratio  of 
about  2  to  I.  The  diameter  of  the  head  of  Halley's  comet  when 
departing  from  the  sun,  in  1836,  at  one  time  measured  357,000 
miles,  giving  a  volume  more  than  sixty  times  that  of  Jupiter.  These 
are,  however,  the  greatest  dimensions  which  have  been  observed  in 
this  class  of  objects,  the  (Uameter  rarely  exceeding  200,000  miles> 
and  being  generally  less  than  100,000. 

622.  Maffnitnde  of  tbo  nndeus. — Attempts  have  been  made, 
where  nuclei  were  perceivable,  to  estimate  their  magnitude^  and 
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diameters  liave  been  assigned  to  them^  -vaiying  from  lOO  to  5000 
miles.  For  the  reasons^  however,  already  explained,  these  z^nhi 
must  be  regarded  as  very  doubtful 

Those  who  deny  the  existence  of  solid  matter  within  the  coat, 
maintain  that  even  the  most  brilliant  and  conapicnoas  of  those 
bodies,  and  those  which  have  presented  the  ationgeet  reeenibliDn 
to  planets,  are  more  or  less  transparent.  It  mig^ht  be  sqipoied 
that  a  fact  so  simple  as  this,  in  this  age  of  astronomical  tucAvIE^, 
could  not  remain  doubtful ;  but  it  must  be  oonaidezed  that  ^ 
combination  of  circumstances  which  alone  would  test  tnA  1 
question,  is  of  rare  occurrence.  It  would  be  neceesaiy  that  tbe 
centre  of  the  head  of  the  comet,  although  very  small,  should  ptf 
critically  over  a  star,  in  order  to  ascertain  whether  such  stir  ii 
visible  through  it.  With  comets  having  extensive  comsB  witto 
nuclei,  this  has  sometimes  occurred;  but  we  have  not  had  nd 
satisfactory  examples  in  the  more  rare  instances  of  those  lAak 
have  distinct  nuclei. 

In  the  absence  of  a  more  decisive  test  of  the  occnltation  of  t 
star  by  the  nucleus,  it  has  been  maintained  that  the  exittsMA 
of  a  solid  nucleus  may  be  fairly  inferred  from  the  great  spkn- 
dour  which  has  attended  the  appearance  of  some  comets.  A 
mere  mass  of  vapour  could  not,  it  is  contended,  reflect  sal 
brilliant  light  The  following  are  the  examples  adduced  lij 
Arago:  — 

In  the  year  43  before  Christ,  a  comet  appeared  which  was  said  to  be 
visible  to  the  naked  eye  by  daylight.  It  was  the  comet  which  the  RonttBS 
considered  to  be  the  soul  of  Csesar  transferred  to  the  heavens  after  his 
assassination. 

In  the  year  1402  two  remarkable  comets  were  recorded.  The  first  was  10 
brilliant  that  the  light  of  the  sun  at  noon,  at  the  end  of  March,  did  sot 
prevent  its  nucleus,  or  even  its  tail,  from  being  seen.  The  second  appeared 
in  the  month  of  June,  and  was  visible  also  for  a  considerable  time  before 
sunset. 

In  the  year  1532  the  people  of  Milan  were  alarmed  by  the  appearance  of 
a  star  which  was  visible  in  the  broad  daylight.  At  that  time  Venns  wis 
not  in  a  position  to  be  visible,  and  consequently  it  is  inferred  that  liiif  stir 
must  have  been  a  comet. 

The  comet  of  1577  was  discovered  on  the  13th  of  November  by  Tycho 
Brahe,  from  his  observatory  on  the  isle  of  Huene,  in  the  Sound,  before  mmxL 

On  the  I  St  of  February,  1744,  Chizeaux  observed  a  comet  more  brilhant 
than  the  brightest  star  in  the  heavens,  which  soon  became  equal  in  splendour 
to  Jupiter,  and  in  the  beginning  of  March  it  was  visible  in  the  presence  of 
the  sun.  By  selecting  a  proper  position  for  observation,  on  the  zst  of  March 
it  was  seen  at  one  o'clock  in  the  afternoon  without  a  telescope. 

Such  is  the  amount  of  evidence  which  observation  has  supplied 
respecting  the  existence  of  a  solid  nucleus.  The  most  that  can 
be  said  of  it  is,  that  it  presents  a  plausible  argument,  giving  some 
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probability,  but  no  positiye  certainly,  tiiat  Qomets  baye  visited 
our  system  wbich  bave  solid  nudei ;  but,  meonwbile;  tbis  can  only 
be  maintained  witb  respect  to  few :  most  of  tbose  wbicb  bave  been 
seen,  and  all  to  wbicb  very  accurate  observations  bave  been  directed; 
bave  afforded  evidence  of  being  mere  masses  of  semi-transparenv 
matter. 

623.  TI10  talL — Altbougb  by  tax  tbe  greater  majority  of  comets 
are  not  attended  by  tails,  yet  tbat  appendage,  in  tbe  popular  mind, 
is  more  inseparable  from  tbe  idea  of  a  comet  tban  any  otber  attribute 
of  tbese  bodies.  Tbis  proceeds  from  its  singular  and  striking  ap*- 
pearance,  and  from  tbe  fact  tbat  most  comets  visible  to  tbe  naked 
eye  have  bad  tails.  In  tbe  year  1 5  3 1 ,  on  tbe  occasion  of  one  of  the 
visits  of  Halley's  comet  to  iJie  solar  system,  Pierre  Apian  observed 
that  the  comet  generally  presented  its  tail  in  the  direction  opposite 
to  that  of  the  sun.  This  principle  was  hastily  generalised,  and  is 
even  at  present  too  generally  adopted.  It  is  true  that  in  most  cases 
the  tail  extends  itself  from  that  part  of  the  comet  which  is  most 
remote  from  the  sun ;  but  its  direction  rarely  corresponds  witb  the 
direction  which  the  shadow  of  the  comet  would  take.  Sometimes 
it  has  happened  that  the  tail  forms  with  a  line  drawn  to  the  sun  a 
considerable  angle,  and  cases  have  occurred  when  it  was  actually  at 
right  angles  to  it. 

Another  character  which  has  been  observed  to  attach  to  the  tails 
of  comets,  which,  however,  is  not  invariable,  is,  that  they  incline 
constantly  toward  the  region  last  quitted  by  the  comet,  as  if  in  its 
progress  through  space  it  were  subject  to  the  action  of  some  r&p 
sisting  medium,  so  that  the  nebulous  matter  with  which  it  is 
invested,  suffering  more  resistance  than  the  solid  nucleus,  remains 
behind  it  and  forms  the  tail. 

The  tail  sometimes  appears  to  have  a  curved  form.  That  of  the 
comet  of  1 744  formed  ahnost  a  quadrant.  It  is  supposed  that  the 
convexity  of  the  curve,  if  it  exists,  is  turned  in  the  direction  from 
which  the  comet  moves.  It  is  proper  to  state,  however,  that 
these  circumstances  regarding  the  tail  have  not  been  clearly  and 
satisfactorily  ascertained. 

The  tails  of  comets  are  not  of  imiform  breadth  or  diameter ; 
they  appear  to  diverge  from  the  comet,  enlarging  in  breadth  and 
diminishing  in  brightness  as  their  distance  from  the  comet  in- 
creases. The  middle  of  the  tail  usually  presents  a  dark  stripe, 
which  divides  it  longitudinally  into  two  distinct  parts.  It  was 
long  supposed  that  this  dark  stripe  was  the  shadow  of  the  body  of 
the  comet,  and  this  explanation  might  be  accepted  if  the  tail  was 
always  turned  from  the  sun }  but  we  find  the  dark  stripe  equally 
exists  when  the  tail,  being  turned  sideward,  is  exposed  to  the  effect 
of  the  sun's  light. 


sH 


ASTRONOMY. 


This  appearance  is  usually  explained  by  the  suppositioil  ihit 
the  tail  is  a  hollow^  conical  shell  of  yapour^  the  extenial  sui&ceof 
which  possesses  a  certain  thickness.  When  we  view  it,  we  look 
through  a  considerable  thickness  of  yapour  at  the  edges,  and  througli 
a  comparatiyely  small  quantity  at  the  middle.  Thus,  upon  the 
supposition  of  a  hollow  cone^  the  greatest  brightness  would  i^ipear 
at  the  sides^  and  the  existence  of  a  dark  space  in  the  middle  would 
be  perfectly  accounted  for. 

The  tails  of  comets  are  not  always  single ;  some  have  appealed 
at  different  times  with  seyeral  separate  tails.  The  comet  df  1744^ 
which  appeared  on  the  7th  or  8th  of  March,  had  six  tails,  eadi 
about  4^  in  breadth^  and  of  considerable  length.  Their  sidea  woe 
well  defined  and  tolerably  bright,  and  the  spaces  between  them 
were  as  dark  as  the  other  parts  of  the  heayens. 

The  tails  of  comets  haye  frequently  appeared,  not  only  of  im- 
mense real  length,  but  extending  oyer  considerable  spaces  of  the 
heayens.  It  will  be  easily  understood  that  the  apparent  lengdi 
depends  conjointly  upon  the  real  length  of  the  tail,  and  the  positian 
in  which  it  is  presented  to  the  eye.  If  the  line  of  idsion  be  at 
right  angles  to  it^  its  length  will  appear  as  great  as  it  can  do  at  its 
existing  distance;  if  it  be  oblique  to  the  eye,  it  will  be  fore* 
shortened^  more  or  less,  according  to  the  angle  of  obliquity.  The 
real  length  of  the  tail  is  easily  calculated  when  the  apparent  length 
is  obseryed  and  the  angle  of  obliquity  known. 

In  respect  of  magnitude,  the  tails  are  imquestionably  the  most 
stupendous  objects  which  the  discoyeries  of  the  astronomer  haye 
eyer  presented  to  human  contemplation. 

The  following  are  the  results  of  the  obseryation  and  measme^ 
ment  of  a  few  of  the  more  remarkable :  — 


Date  of  Appearance. 

Greatest  obaerred  Length  of  TaiL 

miles. 

1847 

5,000,000 

1744 

19000,000 

'M 

40,000,000 

45,000,000 

1618 

50,000,000 

1680 

100,000,000 

181 1 

100,000.000 

181 1 

130,000,000 

184J 

200,000,000 

The  magnitude  of  these  prodigious  appendages  is  even  less 
amazing  than  the  brief  period  in  which  they  sometimes  emanate 
from  the  head.  The  tail  of  the  comet  of  1 843,  long  enongli  to 
stretch  from  the  sun  to  the  planetoids,  was  formed  in  less  than 
twenty  days. 
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624.  MaM,  voliimefand  density  of  eomett. —  The  mapsses  of 
*  comets^  like  those  of  the  planets^  would  be  ascertained  if  the  re- 
-'  ciprocal  effects  of  their  gravitation^  and  those  of  any  known  bodies 
'  in  the  system,  could  be  observed.  But  although  the  disturbing 
\  action  of  the  planets  on  these  bodies  is  conspicuous,  and  its  effects 
'   have  been  calculated  and  observed,  not  the  slightest  effect  of  the 

'  same  kind  has  ever  been  ascertained  to  be  produced  by  them, 
even  upon  the  smallest  bodies  in  the  system,  and  those  to  which 
comets  have  approached  most  nearly. 

Notwithstanding  the  enormous  number  of  comets,  observed  and 
xmobserved,  which  constantly  traverse  the  solar  system  in  all  con- 
ceivable directions ;  notwithstanding  the  permanent  revolution  of 
the  periodic  comets,  whose  presence  and  orbits  have  been  ascer- 
tained; notwithstanding  the  frequent  visits  of  comets,  which  so 
thoroughly  penetrate  the  system  as  almost  to  touch  the  surface  of 
the  sun  at  their  perihelion,  the  motions  of  the  various  bodies  of 
the  system,  great  and  small,  planets  major  and  minor,  planetoids 
and  satellites,  go  on  precisely  as  if  no  such  bodies  as  the  comets 
approached  Iheir  neighbourhood.  Not  the  smallest  effects  of  the 
attraction  of  such  visitors  are  discoverable. 

Now  since,  on  the  other  hand,  the  disturbing  effects  of  the 
planets  upon  the  comets  are  strikingly  manifest,  and  since  the 
comets  move  in  elliptic,  parabolic,  or  hyperbolic  orbits,  of  which 
the  sun  is  the  common  focus,  it  is  demonstrated  that  these  bodies 
are  composed  of  ponderable  matter,  which  is  subject  to  all  the 
consequences  of  the  law  of  gravitation.  It  cannot,  therefore,  be 
doubted  that  the  comets  do  produce  a  disturbing  action  on  the 
planets,  although  its  effects  are  inappreciable  even  by  the  most 
exact  observation.  Since,  then,  the  disturbances  mutually  pro- 
duced are  in  the  proportion  of  the  disturbing  masses,  it  follows 
that  the  masses  of  the  comets  must  be  smaller  beyond  all  calcula- 
tion than  the  masses  even  of  the  smallest  bodies  among  the  planets 
primary  or  secondary. 

The  volumes  of  comets  in  general  exceed  those  of  the  planets 
in  a  proportion  nearly  as  great  as  that  by  which  the  masses  of  the 
planets  exceed  those  of  the  comets.  The  consequence  obviously 
resulting  from  this  is,  that  the  density  of  comets  is  incalculably 
small. 

Their  densities  in  general  are  probably  thousands  of  times  less 
than  that  of  the  atmosphere  in  the  stratum  next  the  surface  of  the 
Earth. 

625.  Uffbt  of  oomets. — That  planets  are  not  self-luminous, 
but  receive  their  light  from  the  sun,  is  proved  by  their  phases, 
and  by  the  shadows  of  their  satellites,  which  are  projected  upon 
then^  when  the  latter  are  interposed  between  them  and  the  sun„ 
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Thesff  tests  are  inapplicable  to  comets.  They  exhibit  no  pluis^ 
and  are  attended  by  no  bodies  to  intercept  the  sun's  light  Bm. 
unless  it  coidd  bo  shown  that  a  comet  is  a  solid  rntuf^  impene- 
trable to  the  solar  rays,  the  non-existence  of  phases  is  not  ft-  pioat 
that  the  body  does  not  receive  its  light  frozu  the  sun. 

A  mere  mass  of  cloud  or  vapour,  thoug^h  not  seXf-IundnoiH^  hut 
rendered  visible  by  borrowed  light,  would  still  exhibit  no  efect  of 
this  kind :  its  imperfect  opacity  would  allow  the  solai  h^t  to 

affect  its  constituent  parts  throughout  its  entire  depth so  thi!, 

like  a  thin  lleecy  cloud,  it  would  appear  not  superficiAlly  illomi- 
nated,  but  receiving  and  reflecting  light  through  all  its  dimenaoni. 
"NVith  respect  to  comets,  therefore,  the  doubt  which  has  existed  ia, 
whether  the  light  which  proceeds  from  them,  and  by  which  ihcr 
become  visible,  is  a  light  of  their  own,  or  is  the  light  of  the  m 
shining  upon  them,  and  reflected  to  our  eyes  like  light  fiomadooi 
Among  several  tests  wliicli  have  been  proposed  to  decide  ^ 
question,  one  suggested  by  Arago  merits  attention. 

It  has  been  already  shown  (0.  364  «^  seq.y  that  the  apparem 
brightness  of  a  visible  object  is  the  same  at  all  distances,  sup- 
posing its  real  brightness  to  remain  unchanged.  Now  if  comets 
shone  with  their  proper  light,  and  not  by  light  received  from  tlu 
sun,  their  apparent  brightness  would  not  decrease  as  they  would 
recede  from  the  sun,  and  they  would  cease  to  be  Tisible,  not 
because  of  the  faintness  of  their  light,  but  because  of  the  small- 
ness  of  their  apparent  magnitude.  Now  the  contrary  is  found  to 
be  the  case.  As  the  comet  retires  from  th«;  sun  its  apparent  bright- 
ness rapidly  decreases,  and  it  ceases  to  be  visible  £roni  the  meie 
faintuotis  of  its  light,  while  it  still  subtends  a  considerable  visoil 
angle. 

626.  Enlargement  of  magrnltnde  on  departing>  from  tkft 
sun.  —  It  will  doubtless  excite  surprise,  that  the  dimensions  of » 
comet  should  be  enlarged  as  it  recedes  from  the  source  of  heat  It 
has  been  often  observed  iii  astronomical  inquiries,  that  the  effects, 
which  at  first  view  seem  most  improbable,  are  nevertheless  those 
which  frequently  prove  to  be  true ;  and  so  it  is  in  this  case.  It 
was  long  believed  that  comets  enlarged  as  they  approached  the 
sun ;  and  this  supposed  eflect  was  naturally  and  probably  ascribed 
to  the  heat  of  the  sun  expanding  their  dimensions.  But  moie 
recent  and  exact  observations  have  shown  the  very  reverse  to  be 
the  fact.  Comets  increase  their  apparent  volume  as  they  recede 
from  the  sun ;  and  this  is  a  law  to  which  there  appears  to  be  no 
well-ascertained  exception.  This  singular  and  unexpected  pheno- 
menon has  been  attempted  to  be  accounted  for  in  several  ways;. 
Valz  ascribed  it  to  the  pressure  of  the  solar  atmosphere  acting  upon 
the  comet;  that  atmosphere  being  more  dense  near  the  sun^  com- 
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presses  tlie  comet  asad  duninishes  its  dimensions ;  and,  at  a  greater 
distance,  being  relieved  from  this  coercion,  the  body  swells  to  its 
natural  bulk.  A  very  ingenious  train  of  reasoning  was  produced  in 
support  of  this  theory.  The  density  of  the  solar  atmosphere  and 
the  elasticity  of  the  comet,  being  assumed  to  be  such  as  they  might 
naturally  be  supposed,  the  variations  of  the  comet's  bulk  are  de- 
duced by  strict  reasoning,  and  show  a  surprising  coincidence  with 
the  observed  change  in  the  dimensions.  But  this  hypothesis  is 
tainted  by  a  fatal  error.  It  proceeds  upon  the  supposition  that  the 
comet,  on  the  one  hand,  is  formed  of  an  elastic  gas  or  vapour ;  and, 
on  the  other,  that  it  ia  impervious  to  the  solar  atmosphere  through 
which  it  moves.  To  establish  the  theoiy,  it  would  be  necessary 
to  suppose  that  the  elastic  fluid  composing  the  comet  should  be 
surrounded  by  a  nappe  or  envelope  as  elastic  as  the  fluid  composing 
the  comet,  and  yet  wholly  impenetrable  by  the  solar  atmosphere. 

After  several  ingenious  hypotheses  *  having  been  proposed  and 
successively  rejected  for  explaining  this  phenomenon,  it  seems  now 
agreed  to  ascribe  it  to  the  action  of  the  varying  temperature  to 
which  the  vapour  which  composes  the  nebulous  envelope  is  exposed. 
As  the  comet  approaches  tiie  sun,  this  vapour  is  converted  by 
intense  heat  into  a  pure,  transparent,  and  therefore  iavisible  elastic 
fluid.  As  it  recedes  from  the  sun,  the  temperature  decreasing,  it  is 
partially  and  gradually  condensed,  and  assumes  the  form  of  a  semi- 
transparent  visible  doud,  as  steam  does  escaping  from  the  valve  of 
a  steam  boiler.  It  becomes  more  and  more  volimiinous  as  the 
distance  from  the  source  of  heat,  and  therefore  the  extent  of  con- 
densation, is  augmented. 

627.  VrofsMor  Strave's  drawingrs  of  Snoke's  comet. — 
Professor  Struve  made  a  series  of  observations  on  the  comet  of 
Encke,  at  the  period  of  its  reappearance  in  1828,  and  by  the  aid  of 
the  great  Dorpat  telescope,  made  the  drawings  given  in  Plate 
XXliLjlgs,  I  and  2. 

Mg,  I,  represents  the  comet  as  it  appeared  on  the  7th  of  November, 
the  diameters  a  b  and  c  d  measuring  each  i  S^\  llie  brightest  part 
of  the  comet  extended  from  a  to  /c,  and  was  consequently  excentric 
to  it,  the  distance  of  the  centre  of  brightness  from  the  centre  of 
magnitude  being  jc  k.  Between  the  7  th  and  the  30th  of  November, 
the  magnitude  of  the  comet  decreased  from  that  represented  in^^.  i , 
to  that  represented  in  Jig,  2 ;  but  the  apparent  brightness  was  so 
much  increased,  that  at  the  latter  date  it  was  visible  to  the  naked 
eye  as  a  star  of  the  6th  magnitude.  The  apparent  diameter  was 
then  reduced  to  g^\ 

*  For  several  of  these,  see  Sir  J.  Herschel's  memoir  in  the  Memoirs  of  ike 
Royal  Astronomical  Society ^  voL  vi.  p.  104. 
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On  t]iR  7th  of  NovcniW  a  fltar  of  tho  1  ith  magnitude  iru«<c 
f  hnni^rh  lh«5  coiiiist,  m  n<jar  th«  Cfmtre  r  of  brightnefii  that  it  irwf'J 
a  niotri';rit  rrii.-^tiikfn  for  a  niiclfMtii.  The  bri^htnc-Mof  theiiUrni 
nrft  in  Ui<?  l<;iMt  {Hrrrf;ptiblc  (lr*frn;o  dimmed  bjr  the  mawof  owiettzT 
jnatt4;r  thnnifrh  which  itH  lif(ht  paHHcsd. 

It  waH  fiviflont  that  thf;  incrfjiuM  of  the  brig'htnoAi  of  the  oni^ 
on  tho  30th  of  Nov'^inVrr  nniHt  Iks  aitcriboci  to  the  contractioot  a<i 
conN«*r|iif?nt  (Min(l<'nHfition^  of  tho  n«;bulouH  matter  Cftmpifmj'TM 
rftcfsdin^  fivim  thf;  Hiin^  for  it  a  rlifitanco  from  the  earth  on  the  '^'i 
Snyt^tnhf.Tf  whfm  it  Hii}iti;riflf;d  an  an^le  of  18'^,  ivas  O'CN  (tK 
(;arth'H  nH;/in  diHtiincf;  from  th^  fliin  bein^  r=  i^  ^  while  ifat  di^&L^ 
on  tho  30th)  whien  it  Hiibt<;nd<Ml  an  an^lo  of  9^^,  wan  cmlv  OV' 
ftM  r;ijbirnl  ditnf;iiHionft  nniHt^  thf;r<;forr;,  have  bfjen  diminJAb^i&l 
tho  disriHity  of  tho  inatUir  amiiK;8ing  it  augmented^  in  monihao 
oi^ht'foid  pMportion. 

628.  Xesnmrkable  pbysloal  pbenoiaeaA  niAiiifastei  tf 
Bailey's  oomet. — Tho  oxpictation  m  f^mamUy  finthTt&intA  t^i*. 
on  tho  owaHJon  of  its  r«;tiini  t^j  pf;rihoIion  in  183  c  th«  ks-' 
would  aflonl  obfw;r\'orH  rx;r;/U4ion  for  obtaininjf^  now  data,  kT- 
foundation  of  wnrio  H/iti.Hfiw:t/iry  viowH  rfiMpocting*  tho  phyncal  ri- 
Htitution  of  tho  oIiimh  of  which  it  in  h^j  fltriking  an  example  w&o^ 
difMipiKiinlod.  It  no  n^Kjuor  roappoarcKl  than  phenomena  beinn'- 
bo  niiinifoHU;d,  pro^^jding  and  acc^impanying  the  gra/lual  formates 
of  tho  tail,  tho  obnorvation  of  which  hfuf  b<!on  inoHt  juatly  r»-tr4:-'- 
fui  fonninj(  a  rnomorablo  ojKich  in  fli4trononiical  hiHtory, 

Ifappily,  thow}  Htranjro  and  important  appearances  were  oWrr-. 
with  thr!  gTfrat^'Ht  zoal,  and  dolinoat«;d  with  tho  rnoHt  ebiborat':-::! 
HfrriipulouH  i'uUiViiy,  by  Hrjvoral  ominont  fiAtronomerH  in  >Kjth  h»rr:.:- 
HphofftA.  MM.  JJoHw;!  at  Koni^fHbo%  Schwabo  at  I>oH<4aii  fc-i 
Stnivo  at  I'lilkriwa,  and  Sir  J.  JIorHchol  and  Mr.  Miu^I^ar  *  Al'i- 
^apo  of  Oo(Hi  llopf!,  havo  wjvorally  publiHhod  their  obHonflti-:-. 
ar;('/impaniod  )>y  numoroiiH  drawin^H,  exhibiting  the  hmcc'*!'^ 
tranHformationH  prowjntod  undfjr  tho  phyHir:fil  influence  of  var^iL; 
t^smporatiiro,  in  itH  approfwih  to  and  departure  from  tho  aim. 

Tho  c/imot  lirHt  b*;camo  viniblo  aH  a  Hmall  round  nebula  with^i'i* 
a  tail^  and  having  a  bright  fuiint  moro  intfsnHoly  liirpinoiiH  than  ih-' 
roHt  (5Xconiri(rally  pbw!*jd  within  it.  On  tho  2d  of  OcUflfar  tho  tail 
In^jran  U)  Ihj  fonnod,  and,  incrofwin^  nipidly,  mjquired  a  len^h  of 
about  ;''  on  tho  ^th  ;  on  tho  20th  it  ijttainr>d  ita  gToat/;Ht  lon^rth 
which  waH  20^  ft  bojrari  after  that  day  to  decreaae,  and  its 
diminution  waH  m  rapid,  that  on  tho  29th  it  waa  roduc^fl  U)  x^ 
and  r;n  tho  9th  of  \ovon)1)or  to  2^'.    Tho  comot  was  observed  oa  the 

•  jVour  Sir  Thornos  Mallear. 
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day  of  its  perihelion  by  M.  Struve,  at  the  Observatory  of  Pulkowa, 
when  no  tail  whatever  was  apparent. 

The  circumstances  which  accompanied  the  increase  of  the  tail^ 
from  the  2nd  of  October^  until  its  disappearance,  were  extremely 
remarkable,  and  were  observed  with  scrupulous  precision,  simul- 
taneously by  Bessel  at  Konigsberg,  by  Struve  at  Pulkowa,  and  by 
Schwabe  at  Dessau,  all  of  whom  made  drawings  from  time  to 
time,  delineating  the  successive  changes  which  it  underwent. 

On  the  2nd,  the  conmiencement  of  the  formation  of  the  tail  took 
place  by  the  appearance  of  a  violent  ejection  of  nebulous  matter 
from  that  part  of  the  comet  which  was  presented  towards  the  sun. 
This  ejection  was,  however,  neither  uniform  nor  continuous.  Like 
-the  fiery  matter  issuing  from  the  crater  of  a  volcano,  it  was  thrown 
■out  at  intervals.  After  the  ejection,  which  was  conspicuous,  ac- 
coording  to  Bessel,  on  the  2nd,  it  ceased,  and  no  efflux  was  observed 
for  aeveral  days.  About  the  8th,  however,  it  reconmienced  more 
violently  than  before,  and  assumed  a  new  form.  At  this  time 
Sohwabe  noticed  an  appearance  which  he  denominates  a  ^^  second 
tail,"  presented  in  a  direction  opposed  te  that  of  the  original  tail, 
and,  therefore,  towards  the  sun.  This  appearance  seems,  however, 
to  be  regarded  by  Bessel  merely  as  the  renewed  ejection  of  ne- 
bulous matter,  which  was  afterwards  tumecLback  from  the  sun  as 
smoke  would  be  by  a  current  of  air  blowing  from  the  sun  in  the 
direction  of  the  original  tail. 

From  the  8th  to  the  22nd,  the  form,  position,  and  brightness  of 
the  nebulous  emanations  underwent  various  and  irregular  changes, 
the  last  alternately  increasing  and  decreasing. 

At  one  time  two,  at  another  three,  nebulous  emanations  were 
observed  to  issue  in  divergent  directions.  These  directions  were 
continually  varying,  as  well  as  their  comparative  brightness. 
Sometimes  they  would  assume  a  swallow-tailed  form,  resembling 
the  flame  issuing  from  a  fan  gas-burner.  The  principal  jet  or  tail 
was  also  observed  to  oscillate  on  the  one  side  and  the  other  of  a 
line  drawn  from  the  sun  through  the  centre  of  the  head  of  the  comet, 
exactiy  as  a  compass  needle  oscillates  between  the  one  and  the 
other  side  of  the  magnetic  meridian.  This  oscillation  was  so  rapid, 
that  the  direction  of  the  jets  was  visibly  changed  from  hour  to  hour. 
The  brightness  of  the  matter  composing  them,  being  most  intense  at 
the  point  at  which  it  seemed  to  be  ejected  from  the  nucleus,  faded 
away  as  it  expanded  into  the  coma,  curving  backwards,  in  the  di- 
rection of  the  principal  tail,  like  steam  or  smoke  before  the  wind. 

629.  Stmve's  drawings  of  tbe  oomet  approaclilnff  tbe  son 
in  1835. — These  curious  phenomena  will,  however,  be  more 
clearly  conceived  by  the  aid  of  the  admirable  drawings  of  M. 
Struve,  which  we  have  reproduced  with  all  practicable  fidelity^  iu. 
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Plates  XXIV.  XXV.  and  XXVI.  These  drawings  were  executed 
by  M.  Kruger^  an  eminent  artist^  from  tiie  immediate  obseiratioii 
of  the  appearances  of  the  comet  with  the  great  Eraunhofer  telescope, 
at  the  Pulkowa  Observatory.  The  sketches  of  the  artist  were 
corrected  by  the  astronomer,  and  only  adopted  definitiyely  after 
repeated  comparisons  with  the  object.  The  original  drawings  are 
preserved  in  the  library  of  the  observatory. 

630.  Its  appearance  on  September  a9tli. — Plate  XXIV. 
fig,  \j  represents  the  appearance  of  the  comet  on  the  29th  of 

September.  The  tail  was  difficult  to  be  recognised,  appearing  to 
be  composed  of  very  feeble  nebulous  matter.  The  nucleus  passed 
almost  centrically  over  a  star  of  the  loth  magnitude,  without  in 
the  slightest  degree  affecting  its  apparent  brightness.  The  star 
was  distinctly  seen  through  the  densest  part  of  the  comet.  Another 
transit  of  a  star  took  place  with  a  like  result. 

Annexed  is  the  scale  according  to  which  this  drawing  has  been 
made. 

»o'        5'        o'  10'  «/  at/  40^  5c/ 
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63 1 .  Appearance  on  October  3.  —  This  is  represented  in^.  2^ 
on  the  same  scale. 

The  comet  changed  not  only  its  magnitude  and  form,  but  also  its 
position  since  September  29.  On  that  day  the  direction  of  the  tail 
was  that  of  the  parallel  of  declination  through  the  head.  On  October 
3,  it  was  inclined  from  that  parallel  towards  the  north  at  a  small 
angle,  and,  instead  of  being  straight,  was  curved.  The  diameter  of 
the  head  was  increased  in  the  ratio  of  2  to  3,  and  the  length  of  the 
tail  in  the  ratio  of  nearly  i  to  3. 

632.  Appearance  on  October  8. — Plate  XXV.  jT^.  i.  Thifi 
drawing  is  made  on  the  subjoined  scale  of  seconds. 

10"    o"      ao"      40"        60"        80"       100"       wo" 
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On  the  5th,  6th,  and  7th  the  comet  underwent  several  changes: 
the  nucleus  became  more  conspicuous.  On  the  6th,  a  fan-formed 
flame  issued  from  it,  which  disappeared  on  the  7th,  and  reappeared 
on  the  8th  with  increased  splendour,  as  represented  in  the  figure. 
The  nucleus  appeared  like  a  burning  coal,  of  oblong  form,  and 
yellowish  colour.  The  extent  of  the  flame-like  emanation  was  about 
30".  The  feeble  nebula  surrounding  the  nuclei  extended  much 
beyond  the  limits  of  the  drawing,  but,  being  overpowered  by  the 
moonlight,  could  not  be  measured. 

633.  Appearance  on  October  9. — Plate  XXV.  fi>g,  2,  same 
^caie,  represents  the  nucleus  and  fllame-like  emanation,  which 
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entirely  chaziged  their  form  and  magnitude  since  the  preceding  night. 

f  The  tail  (not  included  in  the  drawing)  measured  very  nearly  2**. 

'   The  flame  consisted  of  two  parta^  one  resembling  that  seen  on  the 

'    8th;  and  the  other  issuing  like  the  jet  from  a  blow-pipe  in  a  direc- 

^    tion  at  right  angles  to  it.    The  figure  represents  the  nudeus  and  flame 

I    as  they  appeared  at  2 1  ^  sid.  time,  with  a  magnifying  power  of  254.. 

I        634.  Appearance  on  October  lO. — Plate  XXV.  ^.  3,  on  the 

same  scale.    The  tail,  which  still  measured  nearly  2®,  was  now 

I    much  brighter,  being  visible  to  the  naked  eye,  notwithstanding 

strong  moonlight,    ^e  coma  was  evidently  broader  than  the  tail. 

The  flaming  nucleus  is  represented  in  the  drawing  as  it  appeared 

under  a  magnifying  power  of  86,  with  a  field  of  1 8'  diameter,  the 

entire  of  which  was  filled  with  this  coma.  The  diameter  of  the  latter 

must,  therefore,  have  been  more  than  1 8^    The  drawing  was  taken 

at  2 1  A.  sidereal  time. 

635.  Appearance  on  October  12.  —  Plate  XXV.  Jig.  4,  on 
the  same  scale.  The  comet  appeared  at  o^  25™  sid.  time  for  a 
short  interval  in  uncommon  splendour,  the  nucleus  and  flame, 
however,  alone  being  visible,  as  represented  in  the  drawing. 
The  greatest  extent  of  the  flame  measured  6^""],  Its  appear- 
ance was  most  beautiful,  resembling  a  jet  streaming  out  from  the 
nucleus,  like  flame  from  a  blow-pipe,  or  the  flame  from  the  discharge 
of  a  mortar,  attended  with  the  white  smoke  driven  before  the  wind. 

636.  Appearance  on  October  1ft. — Plate  XXV. ^.  5,  on  the 
same  scale.  The  principal  flame  was  now  greatly  enlarged,  extend- 
ing to  the  apparent  length  of  1 34'^  Its  deflection  and  curved  form 
were  most  remarkable. 

637.  Appearance  on  October  29. — A  cloudy  sky  prevented 
all  observation  for  1 2  days.  On  the  27  th,  the  comet  appeared  to 
the  naked  eye  as  bright  as  a  star  of  the  third  magnitude,  the  tail 
being  distinctly  visible.  The  coma  surrounditig  the  nucleus 
appeared  as  a  uniform  nebula.  The  tail  was  curved  and  of  great 
length ;  but,  owing  to  the  low  altitude  at  which  the  observation 
was  taken,  it  could  not  be  measured.  On  the  29th,  however,  the 
comet  was  presented  under  much  more  favourable  conditions,  and 
the  drawings,  Plate  XXIV.  fig,  3,  and  Plate  XXVI.  fi>g.  i,  were 
made.  The  former  represents  the  entire  comet,  including  the  whole 
visible  extent  of  the  tail,  and  is  drawn  to  the  annexed  scale  of 

o'  .  !</  ao'  JO*  40' 
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minutes.    The  latter  represents  the  head  of  the  comet  only,  «nd  is 
drawn  to  the  annexed  scale  of  seconds. 

10"  o"     ao"     40"    60"     80"    100"  !»" 
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At  20*^  30"  sidereal  time,  the  head  preeented  the  sppeannee 
represented  in  Plate  XXVI.  ^.  i.  The  cMef  coma  was  afanoE: 
exactly  circular,  and  had  a  diiuneter  of  1 65'^  With  a  power  of  19! 
the  nucleus  appeared  as  in  the  figure^  the  diameter  heingaboai  I 
I ''•25  to  i''*50.  The  flame  issuing  from  the  nucleus^  cured  btck  | 
like  smoke  before  the  wind,  was  veiy  conapicuoua.  The  appeanofie 
of  the  formation  of  the  tail  as  it  issues  from  the  nucleus  wu  re- 
markably developed. 

638.  Appearance  on  Vorember  8. — Plate  WVl.Jij.  1 
This  drawing  represents  the  nucleus  and  flame  iseoing  from  itoc 
the  annexed  scale  of  seconds. 

10"  o"        10"        4(/'        et/' 
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The  proper  nucleus  was  found  to  measure  about  z'^'X.  Tw: 
flames  were  seen  issuing  from  it  in  nearly  opposite  diiectiaiu^  aai 
both  curved  towards  the  same  side.  The  brighter  flame,  diiecied 
towards  the  north,  was  marked  by  strongly  defined  edges.  Ik 
other,  directed  towards  the  south,  was  more  feeble  and  ill-defined 

639.  8lr  J.  Berscliera  deductions  fkrom  tliese  plmuwiw 
— Sir  J.  Herschel,  who  also  observed  this  comet  himself  tt  ^ 
Cape  of  Gtood  Hope,  makes  from  all  these  observationa  the  foDoinv 
inferences. 

1.  That  the  matter  of  the  comet  vaporised  by  the  sun's  ^ 
escapes  in  jets,  throwing  the  comet  into  irreg^ular  motion  b5 
reaction,  and  thus  changing  its  own  direction  of  ejection. 

2.  That  this  ejection  takes  place  principally  £rom  the  paitpi^ 
sented  to  the  sun. 

3.  That  thus  ejected,  it  encounters  a  resistance  from  some  un- 
known force  by  which  it  is  repulsed  in  the  opposite  direction,  i&i 
so  forms  the  tail. 

4.  That  this  acts  xmequally  on  the  cometary  matter  which  is 
not  all  vaporised,  and  of  that  which  is  a  considerable  portion,  i? 
retained  so  as  to  form  the  head  and  coma. 

5.  That  this  force  cannot  be  solar  gravitation,  being  contnurto 
that  in  its  direction,  and  very  much  greater  in  its  intensity  as  is 
manifest  by  the  enormous  velocity  with  which  the  matter  of  the 
tail  is  driven  from  the  sun. 

6.  That  the  matter  thus  repelled  to  a  distance  so  great,  from  a 
body  whose  mass  is  so  small,  must  to  a  great  extent  escape  from 
the  feeble  influence  of  the  gravitation  of  the  mass  composing  the 
head  and  coma,  and,  unless  there  be  some  more  active  agency  in 
operation,  a  large  portion  of  such  vaporised  matter  must  be  lost  in 
space,  never  to  reunite  with  the  comet.  This  would  lead  to  the 
consequence,  that  at  every  passage  through  its  perihelion  the  cumet 
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would  lose  more  and  more  of  its  vaporisable  constituents^  on  which 
the  production  of  the  coma  and  tail  depends^  so  that,  at  each 
successive  return,  the  dimensions  of  these  appendages  would  be  less 
and  less,  as  they  have  in  fact  been  foimd  to  be. 

640.  Appearanee  of  tbe  eomet  after  pertlieltbn. — On  re- 
ceding from  the  sun  after  its  perihelion,  the  comet  was  observed 
xmder  very  favourable  circumstances  at  the  Cape  by  Sir  J.  Herschel 
and  Mr.  Maclear.  It  first  reappeared  there  on  the  24th  of  January, 
under  an  aspect  altogether  different  firom  that  imder  which  it  was 
seen  before  its  perihelion.  It  had  evidently,  as  Sir  J.  Herschel 
thinks,  imdergone  some  great  physical  change,  which  had  operated 
an  entire  transformation  upon  it. 

"  Nothing  could  be  more  surprising  than  the  total  change  which 
had  taken  place  in  it  since  October.  ...  A  new  and  im- 
expected  phenomenon  had  developed  itself,  quite  unique  in  the 
history  of  comets.  Within  the  well-defined  head,  somewhat  excen- 
trically  placed,  was  a  vivid  nucleus  resembling  a  miniature  comet, 
with  a  head  and  tail  of  its  own,  perfectly  distinct  from  and  consider-* 
ably  exceeding  in  intensity  the  nebulous  disk  or  envelope  which  I 
have  above  called  the  '  head.'  A  minute  bright  point,  like  a  small 
star,  was  distinctly  perceived  within  it,  but  which  was  never  quite 
so  well  defined  as  to  give  the  positive  assurance  of  the  existence 
of  a  solid  sphere,  much  less  could  any  phase  be  discerned." 

641.  Observations  and  drawingrs  of  Messrs.  Maclear  and 
Biaythm — The  phenomena  and  changes  which  the  comet  presented 
from  its  reappearance  on  the  24th  of  January,  xmtil  its  final  dis- 
appearance, have  been  described  with  great  clearness  by  Mr. 
Maclear,  and  illustrated  by  a  beautiful  series  of  drawings  by  that 
astronomer  and  his  assistant,  Mr.  Smyth,  in  a  memoir  which 
appeared  in  the  tenth  volume  of  the  Tramactiona  of  the  Royal 
Astronomical  Society,  from  which  we  reproduce  the  series  of 
illustrations  given  on  Plates  XXVII.  and  XXVIII. 

642.  Appearance  on  Jannary  2ft. — The  comet  appeared,  as 
in^.  I,  visible  to  the  naked  eye  as  a  star  of  the  second  magnitude. 
The  head  was  nearly  circular,  and  presented  a  pretty  well-defined 
planetary  disk,  encompassed  by  a  coma  or  halo  of  delicate  gossamer- 
like brightness.  The  diameter  of  the  head,  without  the  halo  or 
coma,  measured  1 3 1'',  and  with  the  latter  49 2'^ 

643.  Appearance  on  Jannary  25.  —  Fig.  2.  Circular  form 
broken,  and  magnitude  increased.  Three  stars  seen  through  the 
coma,  and  one  through  the  head. 

644.  Appearance  on  Jannary  26.  —  Fig*  3.  Magnitude 
again  increased,  but  coma  diminished. 

*   Cape  Observations^  p.  397, 
BB  3 
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645.  Appemimaoe  ob  fmanmrj  a7.  —  1^.  4.  Comet  begin  ti 
assume  the  parabolic  form,  and  increase  of  magnitude  oontmoed. 

64.6.  Appearance  ob  Januair  ^^  —  ^iff.  5.  Theoomtat 
halo  quite  invisible^  but  the  nucleus  appeared  Uke  a  faint  small 
star.  The  magnitude  of  the  comet  continued  to  increase.  The 
observer  fancied  he  saw  the  faint  outline  of  a  taiL 

647.  Appearaaoe  on  January  SO.  —  JFV7.  6.  The  foim  d 
the  comet  now  became  decidedly  parabolic.  The  breadth  sciqbb 
the  head  was  702'^^  being  greater  than  on  the  24th  in  the  ratio  of 
49  to  70,  or  7  to  I  o,  which  corresponds  to  an  increase  of  yArm 
in  the  ratio  of  i  to  3,  supposing  the  form  to  remain  unchanged: 
but  it  was  estimated  that  ike  extension  in  length  gave  a  supeificiil 
increase  in  the  ratio  of  3  5  to  i  ^  which  would  correspond  to  a  mock 
greater  augmentation  of  volume. 

648.  Appearanee  on  rebmarj  1.  —  JF^.  7.  fHirtherincretae 
of  magnitude,  the.  form  remaining  the  same. 

649.  Appearanee  on  rebmarj  7.  —  Plate  XXVUL  Jig.  l 
The  comet  was  on  this  night  rendered  faint  by  the  effect  of  moon- 
light. 

650.  Appearanee  on  rebmarj  lO.  —  .7\^.  2.  Further  in- 
crease of  volume.    A  star  visible  through  the  body  of  the  comet 

651.  Appearanee  on  rebmarj  16  and  23.  —  .F^igs.  %f  4* 
The  magnitude  went  on  increasing,  while  the  illumination  became 
more  and  more  faint,  and  this  continued  imtil  the  comet's  final  dis- 
appearance ;  the  outline,  after  a  short  time,  became  so  faint  as  to 
be  lost  in  the  surrounding  darkness^  leaving  a  bland  nebulous 
blotch  with  a  bright  centre  enveloping  the  nucleus. 

652.  iTiunber  of  comets. — According  to  Mr.  Hind,  the  num- 
ber of  comets  which  have  appeared  since  the  bii-th  of  Christ  in  each 
successive  century  is  as  follows:  I.,  22.;  II.,  23.;  HL,  44.; 
IV.,  27.  J  v.,  16.;  VI.,  25.  J  VIL,  22.  J  VIIL,  1 6.,-  IX.,  42.; 
X.,  26.;  XL,  36.;  XIL,  26.;  XHL,  26.;  XIV.,  29.;  XV.,  27.; 
XVI.,  31.5  XVn.,  25.  J  XVin.,  64.  j  XIX.  (first  half),  80. 
Total,  607. 

Since  the  beginning  of  the  second  half  of  the  present  century,  a 
period  of  ten  years,  no  less  than  3 1  new  comets  have  been  dis- 
covered; this  arises  most  probably  from  the  great  precision  of 
modem  astronomical  instruments,  added  to  the  zeal  and  devotion 
shown  by  astronomers  since  1 845,  in  endeavouring  to  increase  our 
knowledge  by  the  discovery  of  new  members  of  our  planetair  and 
cometary  systems. 

653.  Buration  of  tbe  appearance  of  comets. — Since  comets 
are  visible  only  near  their  perihelia,  when  their  velocity  is 
greatest,  the  duration  of  their  visibility  at  any  single  perihelion 
passage  is  generally  short.     The  longest  appearance  on  record  ia 
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L  that  of  the  great  comet  of  1 81 1,  which  continued  to  be  visible  for 

^510  days.    The  comet  of  1 825  was  visible  for  twelve  months,  and 

,•  others  which  appeared  since  have  been  seen  for  eight  months. 

Z   In  general,  however,  these  bodies  do  not  continue  to  be  seen  for 

more  than  two  or  tluree  months. 

654.  Vear  approaoli  of  oomets  to  tbe  eartb. — Considering 

,   the  vast  numbers  of  comets  which  have  passed   through  the 

.'    system,  such  an  incident  as  the  collision  of  one  of  them  with  a 

*    planet  might  seem  no  very  improbable  contingency.     Lexell's 

'     comet  was  supposed  to  have  passed  among  the  satellites  of  Jupiter ; 

^     and,  if  that  were  the  case,  it  is  certain  that  the  motions  of  these 

'     bodies  were  not  in  the  least  affected  by  it.    The  nearest  approach 

to  the  earth  ever  made  by  a  comet  was  that  of  the  comet  of  1 684, 

which  came  within  216  semi-diameters  of  the  earth,.a  distance  not 

so  much  as  four  times  that  of  the  moon.    We  are  not  aware  of  any 

nearer  approach  than  this  being  certainly  ascertained. 


CHAPTER  XIX. 

THE  FIXED  STARS. — MAONTrVDE  AS1>  LUSTRE. 

655.  Croatlon  not  oircuinscribed  by  tlie  solar  mymtem, — 

The  region  of  space,  vast  as  it  is,  which  is  occupied  by  the  solar 
system,  forms  but  a  small  portion  of  that  part  of  the  material 
universe  to  which  scientific  inquiry  and  research  have  been  extended. 
The  inquisitive  spirit  of  man  has  not  rested  content  within  such 
limits.  Taking  its  stand  at  the  extremities  of  the  system,  and 
throwing  its  searching  glance  toward  the  interminable  realms  of 
space  which  extend  beyond  them,  it  still  asks — What  lies  there? 
Has  the  Infinite  circumscribed  the  exercise  of  his  creative  power 
within  these  precincts — and  has  He  left  the  unfathomable  depths 
of  space  that  stretch  beyond  them  a  wide  solitude  P  Has  He 
whose  dwelling  is  inmiensity,  and  whose  presence  is  everywhere 
and  eternal,  remained  inactive  throughout  regions  compared  with 
which  the  solar  system  shrinks  into  a  point  P 

Even  though  scientific  research  should  have  left  us  without 
definite  information  on  these  questions,  the  light  which  has  been 
shed  on  the  Divine  character,  as  well  by  reason  as  by  revelation, 
would  have  filled  us  with  the  assurance  that  there  is  no  part  of 
space  however  remote,  which  must  not  teem  with  evidences  of 
exalted  power,  inexhaustible  wisdom^  and  untiring  goodness* 
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But  science  has  not  so  deserted  us.  It  has^  on  the  contrary, 
supplied  us  with  much  interesting  information  respecting  regions 
of  the  universe,  the  extent  of  which  is  so  great  that  even  the 
whole  dimensions  of  the  solar  system  supply  no  modulnB  suffi- 
ciently great  to  enable  us  to  express  their  magnitude. 

656.  Tlie  solar  system  snrroiiiMled  by  a  vast  but  limited 
▼old. —  We  are  furnished  with  a  variety  of  evidence^  establishing 
incontestably  the  fact,  that  aroimd  the  solar  system  to  a  vast  dis- 
tance on  every  side  there  exists  an  imoccupied  space;  that  the 
solar  system  stands  alone  in  the  midst  of  a  vast  solitude.  It  has 
been  shown,  that  the  mutual  gravitation  of  bodies  placed  in  the 
neighbourhood  of  each  other,  is  betrayed  by  its  effects  upon  their 
morons.  If,  therefore,  there  exists  beyond  the  limits  of  the  solar 
system,  and  within  a  distance  not  so  great  as  to  render  the  attrac- 
tion of  gravitation  imperceptible,  any  mass  of  matter^  such  as 
another  sun  like  our  own,  such  a  mass  would  imdoubtedly  ezerdse 
a  disturbing  force  upon  the  various  bodies  of  the  systenu  It  would 
cause  each  of  them  to  move  in  a  manner  different  &om  that  in 
which  it  would  have  moved  if  no  such  body  existed. 

Thus  it  appears  that,  even  though  a  mass  of  matter  in  our 
neighbourhood  should  escape  direct  observation,  its  presence 
would  be  inevitably  betrayed  by  the  effects  which  its  gravitation 
would  produce  upon  the  planets.  No  such  effects,  however,  are 
discoverable.  The  planets  move  as  they  would  move  if  the  solar 
system  were  independent  of  any  external  disturbing  attraction. 
These  motions  are  such,  and  such  only,  as  can  be  accounted  for  by 
the  attraction  of  the  sun  and  the  reciprocal  attraction  of  the  other 
bodies  of  the  systenL  The  inference  from  this  is,  that  there  does 
not  exist  any  mass  of  matter  in  the  neighbourhood  of  the  solar 
system  within  any  distance  which  permits  such  a  mass  to  exercise 
upon  it  any  discoverable  disturbing  influence ;  and  that  if  any  body 
analogous  to  our  sun  exists  in  the  universe,  it  must  be  placed  at  a 
distance  so  great,  that  the  whole  magnitude  of  our  system  will 
shrink  into  a  point,  compared  with  it. 

657.  Orders  of  magmitude  of  tbe  stars. — Among  the  mul- 
titude of  stars  dispersed  over  the  firmament,  we  find  a  great  variety 
of  splendour.  Those  which  are  the  brightest  and  largest,  and  which 
are  said  to  be  of  the  first  magnitudey  are  few ;  the  next  in  order  of 
brightness,  which  are  called  of  the  second  magnitude,  are  more 
numerous;  and  as  they  decrease  in  brightness  their  number  rapidly 
increases. 

The  nimiber  of  stars  of  the  first  magnitude  does  not  exceed  twenty- 
four  ;  the  second,  fifty  j  the  third,  two  hundred ;  and  so  on,  the 
number  of  the  smallest  visible  without  a  telescope  being  from  1 2,000 
to  1^,000, 
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The  stars  which  are  capable  of  being  seen  by  the  naked  eye  are 
usually  resolved  into  seven  orders  of  magnitude — the  first  being  the 
brightest  and  largest^  while  those  of  the  seventh  magnitude  are  the 
smallest  that  the  eye  can  distinctly  see. 

658.  Tbese  varieties  of  nutflrnitude  oansed  ebieflyby  dllfo* 
renoe  of  distance. — Are  we  to  suppose^  then^  that  this  relative 

^    brightness  which  we  perceive,  really  arises  from  any  difference  of 

^    intrinsic  splendour  between  the  objects  themselves?  or  does  it,  as 

'     it  may  equally  do,  arise  fix)m  their  difference  of  distance  P    Are 

'     the  stars  of  IJie  seventh  magnitude  so  much  less  bright  and  con- 

'     spicuous  than  those  of  the  first  magnitude,  because  they  are  really 

smaller  orbs   placed  at  the  same  distance  P    or  because  being 

intrinsically  equal  in  splendour  and  magnitude,  the  distance  of 

those  of  the  seventh  magnitude  is  so  much  greater  than  the  distance 

of  those  of  the  first  magnitude  that  they  are  diminished  in  their 

apparent  brightness  ?    We  know  that  by  the  laws  of  optics  the 

light  received  firom  a  luminous  object  diminishes  in  a  very  rapid 

proportion  as  the  distance  increases.    Thus  at  double  the  distance  it 

will  be  four  times  less,  at  triple  the  distance  it  will  be  nine  times 

less,  at  a  hundred  times  the  distance  it  will  be  ten  thousand  times 

less,  and  so  on. 

It  is  evident,  then,  that  the  great  variety  of  lustre  which 
prevails  among  the  stars  may  be  indifferently  explained,  either 
by  supposing  them  objects  of  different  intrinsic  brightness  and 
magnitude,  placed  at  ike  same  distance ;  or  objects  generally  of 
the  same  order  of  magnitude,  placed  at  a  great  diversity  of  dis- 
tances. 

Of  these  two  suppositions,  the  latter  is  infinitely  the  more  pro-» 
bable  and  natural ;  it  has,  therefore,  been  usually  adopted :  and  we 
accordingly  consider  the  stars  to  derive  their  variety  of  lustre  almost 
entirely  from  their  places  in  the  universe  being  at  various  distances 
from  us. 

659.  Stars  as  distant  from  eaoli  otber  generaUy  as  tbey  are 
from  tbe  sun. — Taking  the  stars  generally  to  be  of  intrinsically 
equal  brightness,  various  theories  have  been  proposed  as  to  the  posi- 
tions which  would  explain  their  appearance ;  and  the  most  natural 
and  probable  is,  that  their  distances  from  each  other  are  generally 
equal,  or  nearly  so,  and  correspond  with  the  distance  of  our  sun  from 
the  nearest  of  them.  In  this  way  the  fact  that  a  small  nimiber  of 
stars  only  appear  of  the  first  magnitude,  and  that  the  number  in- 
creases very  rapidly  as  the  magnitude  diminishes,  is  easDy  rendered 
intelligible. 

660.  ixniy  stars  increase  in  number  as  tbey  decrease  in 
magrnitude. — If  we  imagine  a  person  standing  in  the  midst  of  a 
wood,  surrounded  by  trees  on  every  side,  and  at  every  distance^tiLOfSR^ 
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which  immediatelj  surround  him  will  be  few  in  number;  and  by 
proximity  will  appear  large.  The  trunks  or  stumps  of  those  whidi 
occupy  a  circuit  beyond  the  former,  will  be  more  numerouB,  the 
circuit  being  wider,  and  will  appear  smaller,  bebkuse  their  distance 
is  greater.  Beyond  these  again,  occupying  a  still  wider  circuity  will 
appear  a  proportionally  augmented  number,  whose  apparent  mag- 
nitude will  again  be  diminished  by  increased  distance ;  and  thus 
the  trees  which  occupy  wider  and  wider  circuits  at  greater  and 
greater  distances  will  be  more  and  more  numerous^  and  will  appear 
continually  smaller.  It  is  the  same  with  the  stars ;  we  are  placed 
in  the  midst  of  an  immense  cluster  of  suns,  surrounding  ns  on  eveiy 
side  at  inconceivable  distances.  Those  few  which  are  placed  im- 
mediately about  our  system,  appear  bright  and  large,  and  we  call 
them  8t€trs  of  the  firti  fnagnitude.  Those  which  lie  in  the  drcnit 
beyond,  and  occupy  a  wider  range,  are  more  numerous  and  less 
bright;  and  we  call  them  stars  of  the  second  magnitude.  And  there 
is  thus  a  progression  increasing  in  number  and  distance  and  dimi- 
nishing in  brightness  until  we  attain  a  distance  so  great  that  the 
stars  are  barely  visible  to  the  naked  eye.  This  is  the  limit  of  visioiL 
It  is  the  limit  of  the  range  of  the  eye  in  its  natural  condition ;  but 
an  eye  has  been  given  us  more  potent  still,  and  of  infinitely  wider 
range, — the  eye  of  the  mind.  The  telescope,  a  creature  of  the  un- 
derstanding, has  conferred  upon  the  bodily  eye  an  injBnitely  aug- 
mented range,  and,  as  we  shall  presently  see,  has  enabled  us  to 
penetrate  into  realms  of  the  universe,  which,  without  its  aid,  would 
never  have  been  known  to  us.  But  let  us  pause  for  the  present,  and 
dweU  for  a  moment  upon  that  range  of  space  which  comes  within 
the  scope  of  natural  vision. 

66 1,  ixruat  are  tbe  fixed  stars t  —  The  extent  of  the  stellar 
xmiverse  visible  to  the  naked  eye,  and  the  arrangement  of  stars  in 
it  and  their  relative  distances,  have  just  been  explained.  Bat 
curiosity  will  be  awakened  to  discover,  not  merely  the  position  and 
arrangement  of  those  bodies,  but  to  ascertain  what  is  their  nature, 
and  what  parts  they  play  on  the  great  theatre  of  creation.  Are 
they  analogous  to  our  planets  ?  Are  they  inhabited  globes,  warmed 
and  illuminated  by  neighbouring  sims  ?  Or,  on  the  other  hand, 
are  they  themselves  suns,  dispensing  light  and  life  to  systems  of 
surroimding  worlds  ? 

662.  Telescopes  do  not  maffniiy  tbem  like  tbe  planets. — 
When  a  telescope  is  directed  to  a  star,  the  effect  produced  is  strik- 
ingly different  from  that  which  we  find  when  it  is  applied  to  a 
planet.  A  planet  to  the  naked  eye,  with  one  or  two  exceptions, 
appears  like  a  common  star.  The  telescope,  however,  immediately 
presents  it  to  us  with  a  distinct  circular  disk  similar  to  that  which 
the  moon  oflfers  to  the  naked  eye,  and  in  the  case  of  some  -of  the 
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I,^j[>lan6ts  a  powerful  telescope  will  make  them  appear  of  consider- 

^able  magnitude.     But  the  effect  is  veiy  different  indeed  when 

^  the  same  instrument  is  directed  even  to  the  brightest  star.    We 

^.  £nd  that  instead  of  magnifying^  it  actually  diminishes.    There  is 

^  an  optical  illusion  produced  when  we  behold  a  star^  which  makes 

^  it  appear  to  us  to  be  surrounded  with  a  radiation  which  causes  it 

-    to  be  represented  when  drawn  on  paper^  by  a  dot  with  rays  diverg- 

. .  ing  on  every  side  firom  it.    The  effect  of  the  telescope  is  to  cut  off 

this  radiation^  and  present  to  us  the  star  as  a  mere  lucid  point, 

having  no  sensible  magnitude ;  nor  can  any  augmented  telescopic 

.  power  which  has  yet  been  resorted  to,  produce  any  other  effect. 

T    Telescopic  powers  amoimting  to  six  thousand  were  occasionally 

*'  used  by  Sir  William  Herschel,  and  he  stated  that  with  these  the 

^    apparent  magnitude  of  the  stars  seemed  JesSj  if  possible,  than  with 

■•    lower  powers. 

^        663.  'tlie  absence  of  a  disk  proved  by  tlieir  occnltatlon  by 
'    the  moon.  —  We  have  other  proofs  of  the  fact  that  the  stars  have 
'    no  sensible  disks,  among  which  may  be  mentioned  the  remarkable 
'     effect  called  the  occultatlon  of  a  star  by  the  dark  edge  of  the  moon. 
■     When  the  moon  is  a  crescent  or  in  the  quarters,  as  it  moves  over 
'     the  firmament,  its  dark  edge  successively  approaches  to,  or  recedes 
^om  the  stars.    And  from  time  to  time  it  happens  that  it  passes 
between  the  stars  and  the  eye.    If  a  star  had  a  sensible  £sk  in 
this  case,  the  edge  of  the  moon  would  gradually  cover  it,  and  the 
star,  instead  of  being  instantaneously  extinguished,  would  gradu- 
ally disappear.    This  is  found  not  to  be  the  case  j  the  star  preserves 
all  its  lustre  imtil  the  moment  it  comes  into  contact  with  the  dark 
edge  of  the  moon's  disk,  and  then  it  is  instantly  extinguished, 
without  the  slightest  appearance  of  diminution  of  its  brightness. 

664.  Meaning  of  tbe  term  magmitude  as  applied  to  stars. 
— It  may  be  asked  then,  if  such  be  the  case,  if  none  of  the  stars, 
great  or  small,  have  any  discoverable  magnitude  at  all,  with  what 
meaning  can  we  speak  of  stars  of  the  first,  second,  or  other  orders 
of  magnitude  P  The  term  magnitude  thus  applied,  was  used  before 
the  invention  of  the  telescope,  when  the  stars,  having  been  observed 
only  with  the  naked  eye,  were  really  supposed  to  have  different 
magnitudes.  We  must  accept  the  term  now  to  express,  not  the 
comparative  magnitude,  but  the  comparative  brightness  of  the  stars. 
Thus  a  star  of  the  first  magnitude,  means  of  the  greatest  apparent 
brightness;  a  star  of  the  second  magnitude,  means  that  wldch  has 
the  next  degree  of  splendour,  and  so  on.  But  what  are  we  to  infer 
from  this  singular  fact,  that  no  magnifying  power,  however  great, 
will  exhibit  to  us  a  star  with  any  sensible  magnitude  ?  must  we  ad- 
mit that  the  optical  instrument  loses  its  magnifying  power  when  ap- 
plied to  the  stars,  while  it  retains  it  with  every  other  n\^\V:\'^  Oa^«^^*Cl 
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Such  a  consequence  would  be  eminently  absurd.     We  are  there- 
fore driven  to  an  inference  regarding  the  magnitude  of  stars^  as 
astonishing  and  almost  as  inconceivable  as  that  which  ^was  forced 
upon  us  respecting  their  distances.    We  saw  that  the  entire  mag- 
nitude of  the  annual  orbit  of  the  earth,  stupendous  as  it  i%  was 
nothing  compared  to  the  distance  of  one  of  those  bodies,  and  conse- 
quently if  that  orbit  were  filled  by  a  sim,  whose  magnitude  would 
therefore  be  infinitely  greater  than  that  of  ours,  such  a  sun  would  not 
appear  to  an  observer  at  the  nearest  star  of  greater  magnitude  than 
V^  \  consequently  it  would  have  no  magnitude  sensible  to  the  eye, 
and  would  appear  as  a  mere  lucid  point  to  an  observer  at  the  star  t 
We  are  then  prepared  for  the  inference  respecting  the  fixed  stan 
which  telescopic  observations  lead  to.    The  telescope  of  Sir  T^^Uiam 
Herschel,  to  which  he  applied  a  power  of  six  tJiousand,  did  un- 
doubtedly magnify  the  stars  six  thousand  times,  but  even  t^en  their 
apparent  magnitude  was  inappreciable.    We  are  then  to  infer  that 
the  distance  of  these  wonderful  bodies  is  so  enormous  compared 
with  their  actual  magnitude,  that  their  apparent  diameter,  seen 
fix)m  our  system,  is  above  six  thousand  times  less  than  any  which 
the  eye  is  capable  of  perceiving. 

665.  IVliy  stars  may  be  rendered  Imperceptible  by  tiieir 
distance. — It  appears,  therefore,  that  stars  are  rendered  sensible  to 
the  eye,  not  by  subtending  a  sensible  angle,  but  by  the  light  they 
emit.  An  illuminated  or  luminous  object,  such  for  example  as  the 
sun,  has  the  same  apparent  brightness  at  all  distances,  and  conse- 
quently, the  quantity  of  light  which  the  eye  of  an  observer  receives 
from  it  being  in  the  exact  ratio  of  the  apparent  area  of  its  visual 
disk,  is  inversely  as  the  square  of  its  distance.  It  remains,  however, 
to  be  explained  how  it  can  be  that,  after  it  ceases  to  have  a  disk  of 
sensible  diameter,  it  does  not  cease  to  be  visible.  This  arises  from 
the  fact  that  the  luminous  point  constituting  the  image  on  the 
retina  is  intrinsically  as  bright  as  when  that  image  has  a  large 
and  sensible  magnitude.  The  eye  is  therefore  sensible  to  the  light, 
though  not  sensible  to  the  magnitude  of  the  image;  and  it  continues 
to  be  sensible  to  the  light,  until  by  increase  of  distance,  the  light 
which  enters  the  pupil  and  is  collected  on  the  retina,  though  still  as 
intense  in  its  brilliancy  as  before,  is  so  small  in  its  guantiiyy  that  it 
is  insufficient  to  produce  sensation. 

666.  Classification  of  stars  by  magrnltudes  arbitrary  and 
Insufficient. — The  distribution  of  the  stars  visible  to  the  naked 
eye  into  seven  orders  of  magnitude,  has  been  so  long  and  so  generally 
received,  and  is  referred  to  so  universally  in  the  works  of  astrono- 
mers, ancient  and  modem,  that  it  would  be  impossible  altogether  to 
supersede  it,  and  if  possible,  such  a  change  would  be  attended  with 
great  inconvenience.  Nevertheless,  this  classification  is  open  to  many 
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objections,  and  is,  &om  its  looseness  and  want  of  definiteness  and 
precision,  in  singular  discordance  with  the  actual  state  of  astrono- 
mical science.  The  stars  which  abound  in  such  countless  numbers 
on  the  firmament,  are  of  infimte  gradations^  firom  that  of  Sirius,  the 
most  splendid  object  of  this  class,  "to  the  most  faint  stars  which  the 
sharpest  and  most  practised  eye  can  distinguish  on  the  darkest  and 
clearest  night.  To  distribute  such  a  series  so  imperceptibly  decreas- 
ing in  splendour,  into  seven  orders  of  magnitude,  must  obviously  be 
an  arbitrary  process,  in  which  no  two  observers  could  possibly  agree. 
There  are  no  natural  breaks  of  continuity  by  which  the  stars  of  the 
first  magnitude  could  be  separated  &om  tiiose  of  the  second,  the 
second  from  those  of  the  tMrd,  and  so  on.  Whatever  be  the  stars 
assigned  to  any  class,  the  brightest  will  be  undistinguishable  from 
the  faintest  of  those  of  the  next  superior  magnitude,  and  the  faintest 
will  be  equally  undistinguishable  from  the  brightest  of  the  next 
inferior  magnitude. 

The  stars  assigned  to  any  order  of  magnitude,  must  in  such  a 
classification  differ  greatly  one  from  another  in  brightness. 
Thus,  of  the  24  or  25  stars  that  are  usually  assigned  to  the 
first  magnitude  in  the  received  classification,  Sirius,  the  bright- 
est, is  about  four  times  as  bright  as  a  Centauri,  which  may  be 
taken  as  the  type  of  the  average  brightness  of  stars  of  this  magni- 
tude. 

667.  Xmportaaee  of  more  exact  astrometrie  expedients.— 
When  it  is  condidered  that  the  exact  ratio  of  the  apparent  lustre 
of  the  stars,  combined  with  their  parallaxes  when  IJie  latter  are 
known,  supplies  the  data  by  which  the  absolute  splendour  of  these 
bodies  may,  as  will  presently  appear,  be  calculated ;  and  further^ 
that  they  may  be  thus  brought  into  immediate  numerical  com- 
parison with  the  sun,  which  is  itself  only  an  individual  of  the 
same  class  of  bodies,  the  importance  of  the  expedients  for  the 
more  exact  estimation  of  their  relative  lustre,  and  a  more  precise 
basis  of  classification  as  to  apparent  magnitude,  cannot  fail  to  be 
felt  and  acknowledged.  The  importance  of  this  is  rendered  still 
greater  by  the  consideration  that  the  parallax  of  a  very  small 
number  of  stars  being  found  to  have  appreciable  magnitude,  the 
comparative  lustre  of  these  bodies  taken  in  the  mass  is  the  only 
ground  upon  which  any  estimate  of  their  relative  distances  can  bo 
determined;  and  when  the  large  number  which  are  subject  to 
observation  is  considered,  and  the  improbability  of  their  difiering 
greatly  in  intrinsic  magnitude  taken  collectively  in  classes,  it  must 
be  admitted  that  their  relative  apparent  brightness  cannot  fail 
to  be  a  tolerably  exact  exponent  of  their  comparative  distances. 

668.  Astrometer  contrived  and  applied  by  Sir  J.  Berscliel. 
—  During  his  residence  at  the  Cape,  Sir  J.  Herschel  contrived  an 
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apparatus  for  the  more  exact  detemuuaticm  of  tlte  lelatdve  Inatre 
of  the  stars,  and  applied  it  with  great  advantage  to  tbe  d«t«Tiiii- 
natJan  of  the  relative  brightness  of  a  considerable  number  of  these 
objects.  This  apparatus  connated  of  a  rectangnlaj'  glaaa  prism, 
and  a  lens  so  mounted  that  two  celestial  objects  might  be  Been  In 
jnxtapoMtion,  one  directly,  and  the  other  by  reflection  and  trans- 
mistdon  through  the  prism  and  lens,  the  ^parent  brightness  of  the 
latter  being  enable  of  being  varied  at  pleasure  by  the  observer,  so 
that,  by  proper  adjustments,  the  two  objects  thus  seen  maybe 
rendered  senubly  equal  in  brigbtnees.  When  this  is  accomplidied, 
tlie  arrangements  of  tlie  apparatus  are  such,  that  by  meaauring  the 
distance  of  the  eye  of  the  observer  from  the  focus  of  the  leiM,  a 
measoTe  may  be  obtained,  by  which  the  compsjatiTe  lustre  of  any 
objects  te  which  the  apparatus  may  be  Buccessively  directed  msy 
be  determined. 

To  render  this  intelligible,  let  p,  Jig.   96,   represent  the  rec- 
tangular prism,  one  of  the  faces  of  which  is  placed  so  as  to  recuie 
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a  pencil  of  rays  passing  from  a  distant  object  j  perpendicularly 
upon  it  These  raya  are  totally  reflected  (0.  1 20)  by  the  back  of 
the  priam  at  P,  and  emerging  from  the  other  face  of  Uie  prism,  are 
received  upon  the  lens  L,  and  brought  to  a  focus  F,  as  if  they  came 
&om.  the  direction  f  p.  The  parallel  pencil  is  thus  converted  into 
a  divergent  pencil,  of  which  f  ia  the  focus,  and  tie  point  F  will 
appear  %a  an  eye,  placed  anjnvhere,  as  at  f,  within  the  limits  of 
the  divergent  pencil  ae  a  star,  tbe  apparent  brightness  of  which 
will  be  more  or  less  according  aa  the  eye  is  nearer  to  Ktt  more  dis- 
tant from  F.  It  results  &om  the  principles  of  optics,  that  the 
apparent  brightness  of  the  focal  point  F  will  be  inversely  as  the 
square  of  the  distance  £  F  of  the  eye  fivm  this  pc^t  I^  tlien,  ■ 
eipreiH  the  apparent  lustre  of  f  when  tlie  eye  is  at  tlie  unit  of 
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distance  from  it^  K  diyided  by  u^  will  express  its  apparent  lustre 
when  the  eye  is  at  the  distance  D. 

Let  us  now  suppose  the  apparatus  so  arranged  in  its  position 
that  while  the  eye,  placed  within  the  divergent  pencil^  sees  the 
focus  Ty  it  may  also  see,  in  juxtaposition  with  it,  a  star  s, 
whose  lustre  is  to  be  determined.  Let  the  eye  be  moved  to  or 
from  F  until  the  lustre  of  the  star  becomes  sensibly  equal  to  that 
of  F.  If,  then,  the  lustre  of  the  star  be  expressed  by  s,  we  shall 
have 

K 

S  =  — 

Let  the  apparatus  be  then  directed  to  another  star,  whose  lustre 
s^  is  to  be  compared  with  the  former,  and  let  the  same  operation  be 
repeated,  the  distance  of  the  eye  from  p  being  so  regulated  as  to 
render  the  apparent  lustre  of  the  point  P  equal  to  that  of  the  second 
star.  The  distance  of  the  eye  from  F  being,  in  this  case,  expressed 
by  T)',  we  shall  then  have 

and  consequently, 

s      D'* 

that  is  to  say,  the  apparent  lustres  of  the  two  stars  are  in  the  in- 
verse numerical  ratio  of  the  squares  of  the  distances  of  the  eye 
from  F,  which  would  render  the  apparent  lustre  of  F  equal  to  those 
of  the  stars  respectively. 

In  the  series  of  observations  made  at  the  Cape  by  Sir  J.  Herschel, 
the  moon  was  the  object  with  which  the  stars  were  thus  compared. 
The  planet  Jupiter  would,  perhaps,  be  more  convenient ;  but  any 
object  which  would  retain  an  invariable  brightness  during  the  short 
interval  necessary  for  the  comparison  of  the  stars  under  observation 
would  serve  the  purpose. 

In  this  manner.  Sir  J.  Herschel  ascertained  mmierically  the  com- 
parative brightness  of  a  considerable  number  of  stars  of  greater 
magnitude  than  the  fourth,  and  has  given,  in  his  ^^Cape  Ohserva- 
tiom,''^  a  catalogue,  exhibiting  the  relative  magnitudes  to  two  places 
of  decimals. 

669.  Principle  on  wliicli  tlie  snccessive  orders  of  stellar 
magrnitude  sbonld  be  based. — Astronomers  are  not  agreed  as 
to  the  optical  conditions  by  which  the  successive  orders  of  stellar 
magnitudes  should  be  fixed.  It  might  appear,  at  first  view,  that  a 
star  of  the  second  magnitude  ought  to  have  one-half  the  brightness 
of  one  of  the  first  magnitude,  that  a  star  of  the  third  magnitude 
ought  to  have  one-third  of  the  brightness,  and  so  on. 
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But  such  a  proportion  would  not  be  at  all  in  accordance  with  tiie 
common  classification  of  magnitudes. 

The  more  generally  received  condition  has  been  a  succession 
of  magnitudes;  such  as  a  star  of  a  given  intrinsic  lustre  would  have 
if  removed  to  a  series  of  distances  increasing  in  arithmetical  pro- 
gression. ThuS;  stars  of  the  first  magnitude  would  be  at  the  unit 
of  stellar  distance ;  those  of  the  second  magnitude  would  have  a 
lustre  due  to  twice  this  distance ;  those  of  the  third  magnitude,  to 
three  times  this  distaace,  and  so  on.  Now,  since  the  apparent 
lustre  of  an  object  is  in  the  proportion  of  the  inverse  square  of  the 
distance,  it  would  follow  that,  in  this  system  the  succession  of 
brightness  would  be  as  the  numbers  i,i,i,  ^,  and  so  on. 

Meanwhile,  whatever  may  be  the  principle  adopted  for  this  das- 
sification,  the  astrometric  expedient  contrived  by  Sir  John  Herschel 
being  sufficient  for  the  numerical  estimation  of  the  relative  bright- 
nesses of  difierent  stars,  it  will  be  sufficient  to  determine  a 
variety  of  interesting  and  important  problems  respecting  the  ab- 
solute lustre  and  magnitudes  of  those  objects,  not  only  compared 
with  each  other,  but  with  the  sun. 

670.  Comparative  lustre  of  a  Centanrl  wltb  tliat  of  flie  ftall 
moon.  —  By  means  of  the  instrument  described  above^  Sir  J. 
Herschel  compared  the  full  moon  with  certain  fixed  stars,  and 
ascertained,  by  a  mean  of  eleven  observations,  that  its  lustre 
bore  to  that  of  the  star  a  Centauri  which  he  selected  as  the  standard 
star  of  the  first  magnitude,  the  ratio  of  27,408  to  i ;  in  other  words, 
hp  showed  that  a  cluster  consisting  of  27,408  stars  equal  in  bright- 
ness to  that  of  a  Centauri  would  give  the  same  light  as  the  full 
moon. 

67 1 .  Comparison  of  tbe  lustre  of  tbe  ftill  moon  ivitb  that 
of  tbe  sun.  —  Dr.  Wollaston  by  certain  photometric  methods 
which  are  considered  to  have  been  susceptible  of  great  precision, 
compared  the  light  of  the  sun  with  that  of  the  full  moon,  and  found 
that  the  ratio  was  801,072  to  i  ;  or  in  other  words,  that  to  obtain 
moon-light  as  intense  in  its  lustre  as  sun-light,  it  would  be  neces- 
sary that  801,072  fiill  moons  should  be  stationed  in  the  fijrmament 
together. 

672.  Comparison  of  tbe  sun's  llgrlit  wltb  tbat  of  a  CentanrL 
— By  the  combination  of  these  observations  of  Herschel  and 
Wollaston,  we  are  supplied  with  means  of  bringing  into  direct  nu- 
merical comparison  the  sun  and  the  star  a  Centauri.  Since  it 
appears  that  the  light  of  a  Centauri  is  27,408  times  less  than  that 
of  the  full  moon,  while  the  light  of  the  full  moon  is  801,072  times 
less  than  that  of  the  sun,  it  wiU  evidentiy  follow,  that  the  light 
of  the  sun  is  very  nearly  22,000,000,000  times  more  intense  than 
that  of  a  Centauri. 
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■■  673.  Comparison  of  fbe  intrinsic  splendour  of  fbe  sun 
and  a  fixed  star.  —  Since  all  analogy  and  observation  lead  to  the 
ik  conclusion,  that  the  stars^  like  the  sun,  are  self-luminous  bodies, 
WM  although  no  telescopic  power  which  we  can  command  can  exhibit 
IS  them  with  a  sensible  disk,  it  cannot  be  doubted  that  they  are, 
■  like  the  sun,  spherical  bodies.  If  then,  I  express  the  in^nsic 
m  brightness,  or  what  is  the  same,  the  absolute  quantity  of  light 
b:  emitted  by  a  superficial  unit  of  the  visible  surface  of  such  a 
y  sphere,  and  if  M  express  the  superficial  magnitude  of  the  hemi- 
s  sphere  presented  to  the  eye,  the  total  quantity  of  light  emitted, 
g;  or  total  intrinsic  lustre,  will  be  expressed  by  i  X  M.  But  the 
gj  apparent  lustre  will,  according  to  the  common  optical  law, 
g  decrease  as  the  square  of  the  distance  of  the  observer  increases, 
||    and  consequently,  if  i  X  M  express  the  lustre  at  the  unit  of  distance, 

it    IX    —^y  will  express  it  at  the  distance  D,  so  that  we  shall  have 

^  I  X  M  =s  L  X  D^. 

^        If  the  apparent  lustre,  and  the  distance  of  the  star,  therefore,  be 
both  known,  the  intrinsic  lustre,  which  depends  conjointly  upon 

*     the  magnitude  of  the  luminous  surface  exposed  to  view  and  its 

'     intrinsic  brightness,  wiU  be  known. 

674.  Astrometer  snirirested  by  Dr.  Xiardner.  —  To  bring  a 
fixed  star  into  immediate  comparison  with  the  sun,  and  to  obtain 
a  measure  of  the  visual  magnitude  of  the  star,  supposing  it  to  have 
an  intrinsic  lustre  equal  to  that  of  the  sun,  would  be  easy  if  the 
distance  could  be  ascertained  to  which  it  would  be  necessary  to 
remove  the  sun,  so  that  it  shall  present  to  the  eye  the  same  appa- 
rent lustre  as  the  star,  for  in  that  case  the  visual  magnitude  of  the 
sun,  which  could  be  calculated  by  means  of  its  real  magnitude  and 
distance,  would  necessarily  be  equal  to  the  visual  magnitude  of 
the  star.  In  this  manner,  a  visual  angle  too  small  to  be  ascer- 
tained by  direct  instrumental  measurement,  would  be  determined 
fey  indirect  means. 

Let  d=  the  real  diameter  of  the  sun,  i)  =  the  distance  to  which 
it  would  be  necessary  to  remove  it  from  the  observer,  so  that  it 
might  present  to  the  eye  the  same  appearance  as  a  given  star,  and 
let  (^  =c  its  visual  diameter  at  that  distance.  We  should  then  have, 

<^"  =  206265  X    -, 

and  <t>  would  then  be  the  visual  angle  subtended  by  the  star,  if  the 
star  be  supposed  to  have  the  same  intrinsic  lustre  as  the  sun.  But 
if  the  star  be  supposed  to  have  a  greater  or  less  intrinsic  lustre 
than  the  sun,  then  the  visual  magnitude  of  the  star  will  be  greater 
or  less  than  <t>. 

c  c 
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Although  the  sun  cannot  be  removed  to  increased  distmai;! 
the  same  optical  effect  may  be  produced  hy  the  foUowing  e^ 
dient. 

Let  A  B  c  D  be  a  tube  like  that  of  a  telescope^  furnished  wiAtj 
diaphragm  at  B  c^  so  constructed  that  by  sliding'  pieces,  a  cucds 

A 


Fig.  97. 

aperture^  having  a  diameter  variable  at  pleasure  within  practkiiik 
limits,  may  be  made  in  its  centre.  Let  a  sliding'  tube  hayiog  0 
eye-hole  in  a  diaphragm  at  the  end  of  it,  like  that  in  the  eye-pece 
of  a  telescope,  be  attached  to  the  other  end  A  i>  of  the  tube, » 
that  the  distance  of  the  eye-hole  from  the  variable  aperture  m  1 
may  be  varied  at  pleasure  within  practicable  limits.  It  is  eTident, 
that  the  diameter  of  the  aperture  m  n,  and  the  distance  from  1^ 
eye  at  E  to  m  n  being  known,  the  visual  angle  subtended  hy  mni 
E  will  be  determined. 

If  the  tube  thus  constructed  and  arranged  be  directed  to  ^ 
disk  of  the  sun,  a  circular  part  of  that  disk  having  any  desind 
visual  diameter  can  be  made  visible  to  the  eye  placed  at  e.  Till 
can  always  be  accomplished  within  limits  by  the  variation  of  ti» 
diameter  m  w  of  the  aperture,  and  the  variation  of  the  distance  d 
the  eye  E  from  m  n. 

But,  by  a  well-understood  principle  of  optics  (O.  ^64.)  tiw 
circular  part  of  the  sun's  disk  visible  through  the  aperture  Its 
exactly  the  same  appearance,  both  in  apparent  magnitude  and 
brightness,  as  the  sun  itself  would  have  if  it  were  removed  to 
such  a  distance  from  the  observer,  that  it  would  subtend  the  same 
visual  angle  as  that  subtended  by  the  aperture  m  n  at  the  eve  B. 

If  then  the  apparatus  be  so  adjusted,  that  the  apparent  lustre  of 
the  part  of  the  sun  seen  through  the  aperture  shall  be  equal  as 
exactly  as  can  be  determined  by  an  observation  of  this  kind  to  the 
apparent  brightness  of  any  star,  it  will  follow,  that  the  visual  angle 
subtended  by  the  aperture  seen  from  E,  will  be  equal  to  the  visual 
angle  subtended  by  the  star ;  and  as  the  former  can  be  calculated 
by  knowing  the  real  diameter  of  the  aperture  and  its  distance  from 
E,  the  latter  can  be  inferred. 

In  the  practical  application  of  this  method,  the  difficulty  arises 
from  not  being  able  to  bring  the  luminous  point  seen  in  the  tube 
into  immediate  juxtaposition  with  the  star  with  which  it  is  com- 
pared.   The  observer  must  rely  upon  his  judgment  and  memoiy 
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of  the  apparent  brightoess  of  the  stars,  to  determine  whea  that  vt 
the  ItmuuouB  point  seen  in  the  tube  ia  equal  to  it 

67;.  Astrometrlo  table  «f  1*0  prlndpal  Mac*.  —  In  the 

following  table  are  collected  the  teaults  of  the  obeeiTatione  of  Sir 
J.  Herachel,  for  the  determination  of  the  TelatiTe  liutie  of  1 90 
principal  stars.  In  addition  t«  their  astrometric  magnitudes,  as 
det«rdiined  hj  Sir  J-  Herschel,  we  have  computed  from  the  data 
supplied  by  him,  their  rekliTe  brightnesB  compared  with  that  of 
the  star  a  Centauri  as  a  standard,  and  also  their  light  in  billionths 
of  the  light  of  the  son. 

TABLK 

Ijat  of  190  stora,  from  the  fint  to  the  third  miigDitade  incln^Te,  irith  Ihair 
magnitudes,  according  to  the  sMroroetric  acile  proposed  by  3ir  John 
Herachel )  and  their  appareaC  brigbtneu  compared  with  each  olher,  aod 
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—      676.  Use  of  fbe  telosoope  in  stellar  obserrattons.  —  Since 

Jj  no  telescope  however  great  might  be  its  power,  has  ever  presented 

_  a  fixed  star  with  a  sensible  disk,  it  might  be  inferred  that,  for  the 

;  purposes  of  stellar  investigations,  the  importance  of  that  instrument 

:  must  be  inferior  to  that  which  it  may  claim  in  other  applications: 

I  Nevertheless  it  is  certain,  that  in  no  department  of  physical  science 

■  has  the  telescope  produced  such  wonde^ul  results,  as  in  its  applica- 

"  tion  to  the  analyses  of  the  starry  heavens. 

,1       Two  of  the  chief  conditions  necessary  to  distinct  vision  are, 
'   first,  that  the  image  on  the  retina  shall  have  sufficient  magnitude ; 
f.    or,  what  is  equivalent  to  this,  that  the  object  or  its  image  shall 
\    subtend  at  the  eye  a  visual  angle  of  sufficient  magnitude  (0.  349) ; 
f    and,  secondly,  it  must  be  sufficiently  illuminated  (O.  329).    "When, 
J    by  reason  of  their  distance  from  lie  observer,  visible  objects  fail 
f    to  fulfil  either  or  both  of  these  conditions,  the  telescope  is  capable 
1     of  re-establishing  them.    It  augments  the  visual  angle  by  substitu- 
!     ting  for  the  distant  object,  which  the  observer  cannot  approach,  an 
optical  image  of  it  close  to  his  eye,  which  he  can  approach ;  and  it 
augments  the  illumination  by  collecting,  on  each  point  of  such 
image,  as  many  rays  as  can  enter  the  aperture  of  the  object  glass, 
instead  of  the  more  limited  number  which  can  enter  the  pupil  of  the 
naked  eye ;  the  allowance,  nevertheless,  being  made  for  the  light 
lost  by  reflection  from  the  surfaces  of  the  lenses,  and  by  the  im- 
perfect transparency  of  their  materiaL 

The  increase  of  the  visual  angle  is  determined  by  the  ratio  of 
the  focal  length  of  the  object  glass  to  that  of  the  eye  glass  (O.  5 1  o), 
and  the  increase  of  illumination  is  determined  by  the  ratio  of  the 
area  of  the  aperture  of  the  object  glass  to  that  of  the  pupil,  which 
areas  are  proportional  to  the  squares  of  the  diameters  of  the  object 
glass  and  the  pupil.  The  illumination  will,  therefore,  vary  in  the 
ratio  6i  the  square  of  the  aperture  of  the  telescope. 

To  explain  the  eiffect  of  the  telescope  applied  to  stellar  observa- 
tion, let  the  sun  or  any  similar  object  be  imagined  to  be  transferred 
to  a  gradually  increased  distance  from  the  observer.  The  effect 
will  be  the  gradual  decrease  of  its  visual  diameter,  and  a  corre- 
sponding decrease  of  the  image  on  the  retina.  The  brightness  or 
intensity  of  illumination  of  that  image  will  remain  always  the  same 
(0.  364) ;  and,  consequently,  the  total  quantity  of  light  which  falls 
upon  it  will  be  decreased  in  the  exact  ratio  of  its  superficial  mag- 
nitude,— ^that  is,  in  the  ratio  of  the  square  of  its  diameter.  But 
this  diameter  is  always  proportional  to  the  visual  angle  subtended 
at  the  eye  by  the  object ;  and  this  angle  decreases  as  the  distance 
of  the  obj  ect  increases.  It  follows,  therefore,  that  the  total  quantity 
of  light  incident  on  the  retina,  from  the  same  or  similar  objects  at 
difierent  distances,  decreases  as  the  square  of  the  distance  mc'c^%sj&<&« 
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Now,  let  the  distance  of  the  sun  from  the  observer  be  imagmed 
to  be  increased  until  the  visual  angle  becomes  so  small  that  no 
sensible  impression  of  the  form  or  magnitude  of  the  object  is  "pro- 
duced. Let  this  distance  be  expressed  by  D'.  The  appearance  of 
the  sun  would  then  be  that  of  a  mere  luminous  point,  without 
apparent  magnitude  or  form.  It  would  in  fact,  therefore^  have  the 
same  appearance  as  that  of  a  star  or  planet.  Vision  would  depend 
on  the  mere  excitation  of  the  retina  by  the  quantity  of  light  acting 
upon  it,  and  not  on  the  form  or  magnitude  of  the  picture  produced 
upon  it.  The  first  of  the  above-mentioned  conditions  of  distuict 
vision  would  fail  to  be  fulfilled,  but  the  second  would  be  stUl  ful- 
filled. Light  without  form  or  magnitude  would,  therefore^  be  the 
sensible  impression  on  the  observer. 

K  we  now  imagine  the  sim  to  continue  to  be  transferred  to 
greater  and  greater  distances,  the  image  on  the  retina  will  be  pro- 
portionally diminished  in  magnitude;  but  as  its  magnitude  has 
already  ceased  to  be  sensible  because  of  its  minuteness,  this 
decrease  of  magnitude  will  necessarily  also  be  insensible.  But  the 
total  quantity  of  light  falling  upon  the  retina  will  also  be  decreased, 
and  this  decrease  will  be  in  the  ratio  of  the  increase  of  the  square 
of  the  distance.  Now,  since  the  apparent  brightness  of  the  lumi- 
nous point  to  which  the  sun  would  be  in  this  case  reduced,  must 
depend  altogether  on  the  total  quantity  of  light  falling  on  the 
retina,  this  brightness  will  be  in  the  inverse  ratio  of  the  square  of 
the  distance. 

Let  jI  be  the  total  quantity  of  light  falling  on  the  retina,  or  the 
apparent  brightness  of  the  object  at  the  distance  l/  at  which  it 
ceases  to  have  a  sensible  disk,  and  let  L  be  its  apparent  brightness, 
at  any  greater  distance  d.  We  shall  then,  according  to  what  has 
just  been  explained,  have 

l:l'::d'2- jj'j 

and  consequently, 

from  which  it  appears  again  that  L  will  decrease  as  d'  increases. 

By  the  continual  increase  of  d,  therefore,  the  apparent  brightneas 
of  the  luminous  point  to  which  the  object  has  been  reduced,  would 
be  continually  diminished,  and  it  would  successively  assume  the 
appearance  of  stars  of  less  and  less  magnitude,  until  at  length  the 
quantity  of  light  falling  on  the  retina  would  become  so  small  that 
it  would  be  insufficient  to  produce  a  sensible  impression  on  the 
organ,  and  the  object  would  cease  to  be  seen.  Let  the  distance 
at  which  this  would  take  place  be  d''. 

li  appears,  then,  tikiat  in  the  ^^dations  of  the  optical  impression 
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produced  by  such  a  contmually  receding  object,  there  are  two 

limiting  distances,  the  lesser  d'  at  which  it  ceases  to  have  sensible 

magnitude  but  continues  to  be  visible  as  a  lucid  point,  and  the 

'v    greater  d'^  at  which  it  ceases  to  be  seen  altogether ;  and  that  at 

,    intermediate  distances  D  it  appears  as  a  lucid  point  of  all  degrees  of 

\    brightness,  less  than  that  which  it  has  at  the  distance  D^ 

'        If  this  reasoning  be  applied  to  different  objects,  it  is  evident  that 

the  distance  d'  will  vary  with  the  real  diameter  of  the  object,  and 

will  be  exactly  proportional  to  it.     The  distance  d''  for  objects 

having  the  same  real  diameter,  will  vary  with  their  intrinsic  lustre, 

or  the  relative  quantities  of  light  which  they  emit  from  their 

visible  hemispheres,  and  will  be  greater  in  the  ratio  of  the  square 

root  of  the  absolute  quantity  of  light  emitted. 

If  a  telescope  be  directed  to  a  star  at  any  distance  D  greater  than 
Ji"y  its  magnifying  power  will  be  incapable,  however  great  it  may 
be,  of  augmenting  the  visual  angle  to  such  an  extent  as  to  render 
it  greater  than  it  would  be,  if  the  star  were  at  the  distance  d',  at 
which  the  visual  angle  becomes  so  small  as  to  be  inappreciable  by 
the  eye.  But  in  the  same  case,  the  power  of  the  telescope  to  in- 
crease the  quantity  of  light  which  enters  the  pupil,  will  produce 
effects  which  are  not  only  very  sensible,  but  which  may  be  increased 
almost  indefinitely,  by  augmenting  the  aperture  of  the  telescope. 
In  this  way,  although  the  magnifying  power  is  altogether  ineffica- 
cious so  far  as  relates  to  the  visual  angle  of  the  object,  its  power, 
so  far  as  relates  to  the  increase  of  light  or  increase  of  apparent 
brightness  of  the  object,  becomes  of  the  greatest  importance.  Thus 
it  is  evident,  that  a  telescope  of  a  certain  aperture  directed  to  a 
star  of  the  sixth  magnitude,  the  light  of  which,  according  to  the 
estimate  of  Sir  J.  Herschel,  is  about  the  1 00th  part  of  the  light 
of  such  a  star  of  the  first  magnitude  as  a  Centauri,  would  render 
it  equal  in  apparent  brightness  to  the  latter,  and  would,  therefore, 
have  the  effect  of  bringing  it  so  much  nearer  to  the  observer,  as 
the  distance  of  an  average  star  of  the  first  magnitude  is  less  than 
an  average  star  of  the  sixth  magnitude.  But  since  the  apparent 
brightness  decreases  as  the  square  of  the  distance  increases,  it  follows 
that  a  star  of  the  sixth  magnitude,  being  1 00  times  less  bright  than 
a  star  of  the  first  magnitude,  will  be  10  times  more  distant.  The 
telescope,  therefore,  in  this  case,  would  have  the  effect  of  bringing 
the  star  i  o  times  nearer  to  the  observer. 

By  knowing  the  relation  of  the  aperture  of  the  telescope, 
whether  it  be  a  refractor  or  reflector,  to  the  magnitude  of  the  pupil, 
and  the  proportion  of  light  lost  in  being  transmitted  to  the  eye 
by  the  lenses  or  specula  of  the  instrument,  it  is  easy  to  calculate  the 
ratio  in  which  it  will  increase  the  apparent  brightness  of  a  star, 
and  this  ratio  being  known,  it  will  be  easy  to  ascertain  h.cy«N  yksss^ 
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more  distant  such  a  star  is,  than  one  which  to  the  naked  eye  would 
have  the  same  apparent  hrightness. 

677.  Space-penetratiiiir  power. — ^The  reflecting  telescope  used 
by  Sir  William  Herschel,  in  some  of  his  principal  stellar  re- 
searches^ had  an  aperture  of  eighteen  inches^  and  twenty  feet  focal 
length  with  a  magnifying  power  of  1 80.    The  space-penetrating 
power  of  this  instrument  was  found  to  be  seventy-five,  the  mean- 
ing of  which  is,  that  when  directed  to  a  star  of  any  given  brightness^ 
it  would  augment  its  brightness  so  as  to  make  it  appear  the  same 
as  it  would  be  if  at  seventy-five  times  less  distance,  or  what  is  the 
same,  that  a  star  which  to  the  naked  eye  would  appear  of  the 
same  brightness  as  that  star  does  when  seen  in  the  telescope,  would 
require  to  be  removed  to  seventy-five  times  the  actual  distance,  so 
that  when  seen  through  the  telescope  it  would  have  the  brightness 
it  has  when  seen  with  the  naked  eye.    Thus  a  star  of  the  sixth 
magnitude,  if  removed  to  seventy-five  times  the  actual  distance, 
would  appear  in  such  an  instrument  still  as  a  star  of  the  sixth 
magnitude  would  to  the  naked  eye,  and  if  we  assume  with  Sir 
Jolm  Herschel,  that  a  star  of  the  sixth  magnitude  has  a  hundred 
times  less  light  than  a  Centauri,  and  is  therefore  at  ten  times  a 
greater  distance,  it  will  follow  that  a  Centauri  would  require  to  be 
removed  to  seven  hundred  and  fifty  times  its  actual  distance,  so  that 
when  viewed  through  such  a  telescope  it  would  be  seen  as  a  star'  of 
the  sixth  magnitude  to  the  naked  eye. 

If,  then,  it  be  assumed,  as  it  may  fairly  be,  that  among  the  in- 
numerable stars  which  are  beyond  the  range  of  unaided  vision, 
and  brought  into  view  by  the  telescope,  a  large  proportion  must 
have  the  same  magnitude  and  intrinsic  brightness  as  the  average 
stars  of  the  first  magnitude,  it  will  follow  that  these  must  be  at 
distances  750  times  greater  than  the  distance  of  an  average  star  of 
the  first  magnitude,  such  as  a  Centauri.  The  distance  of  this  star 
is  such,  that  light  would  require  3*54325  years  to  come  &omi  it  to 
the  earth.  It  would,  therefore,  follow  that  the  distance  of  the 
telescopic  stars  just  referred  to,  must  be  such,  that  light  woidd 
take  to  come  from  them  to  the  earth  26  5  7 '43  7  5  years.  The 
distance  of  such  stars,  taking  the  earth's  distance  from  the  sun  as 
the  irnit,  appears  therefore  to  be  about  one  hundred  and  seventy 
million  times  the  distance  of  the  sun,  and  since  that  distance  ex- 
pressed in  roimd  numbers  is  one  himdred  millions  of  miles,  it  will 
follow  that  the  distance  of  such  a  star  is  seventeen  thousand 
billions  of  miles. 

We  arrive,  therefore,  at  the  somewhat  astonishing  conclusion 
that  the  distance  of  these  objects,  the  existence  of  which  the  tele- 
scope alone  has  disclosed  to  us,  must  be  such,  that  light,  moving  at 
the  rate  of  192,000  miles  per  second,  takes  upwards  of  2600  years 
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to  come  from  them  to  us,  and  consequently  tliat  the  objects  we 
now  see  are  not  those  which  now  exist,  but  those  which  did  exist 
2600  years  ago  ;  and  it  is  within  the  scope  of  physical  possibility 
that  they  may  have  changed  their  conditions  of  existence,  and 
consequently  of  appearance,  or  even  have  ceased  to  exist  altogether, 
more  than  2000  years  ago,  although  we  actually  see  them  at  this 
moment 

This  incidentally  shows  that  the  actual  perception  of  a  visible 
object  is  no  condusive  evidence  of  its  present  existence.  It  is 
only  a  proof  of  its  existence  at  some  anterior  period. 

678.  Telescopic  stars. —  It  appears,  therefore,  that  there  are 
numerous  orders  of  stars,  which  by  reason  of  their  remoteness  are 
invisible  to  the  naked  eye,  but  which  are  rendered  visible  by  the 
telescope ;  and  these  stars  are,  like  those  visible  to  the  naked  eye, 
of  an  infinite  variety  of  degrees  of  magnitude  and  brightness,  and 
have  accordingly  been  classed  by  astronomers,  according  to  an 
order  of  magnitude  in  numerical  continuation  of  that  which  has 
been  somewhat  indefinitely  or  arbitrarily  adopted  for  the  visible 
stars.  Thus,  supposing  that  the  last  order  of  stars  visible  without 
telescopic  aid  is  the  seventh,  the  first  order  disclosed  by  the  tele- 
scope will  be  the  eighth,  and  from  these  the  telescopic  stars, 
decreasing  in  magnitude,  have  been  denominated  the  ninth,  tenth, 
eleventh,  &c.  to  the  sixteenth  or  seventeenth  magnitude,  the  last 
being  the  smallest  stars  which  are  capable  of  being  rendered  dis- 
tinctly visible  by  the  most  powerful  telescope. 

679.  Stellar  nomenclature. — ^Besides  the  classification  of  stars 
according  to  their  estimated  degrees  of  magnitude  or  brightness, 
they  are  also  designated  according  to  their  distribution  over  the 
imaginary  surface  of  the  celestial  sphere.  Whether  the  apparent 
grouping  of  these  objects  depends  on  any  physical  relation  existing 
between  the  members  composing  each  group,  or  is  the  result  of 
the  fortuitous  relation  of  the  visual  lines  directed  to  them,  the 
principal  collections  of  the  more  conspicuous  stars  thus  placed  in 
near  apparent  vicinity,  have  been  recognised  from  the  most  remote 
antiquity,  and  such  groups  have  been  commonly  denominated 

CONSTELLATIONS. 

Although  in  certain  cases,  it  is  probable  that  some  physical 
relation  may  exist  between  the  more  dose  neighbours  in  these 
constellations,  it  is  certain  that  the  apparent  juxta-position  and 
relative  arrangement  of  the  component  stars  generally  is  alto- 
gether fortuitous.  Imagination,  has,  however,  connected  them 
together,  and  invested  such  constellations  with  the  forms  of  my- 
thological figures,  animals,  such  as  bears,  dogs,  lions,  goats, 
serpents,  and  so  on,  from  which  they  severally  take  their  names. 
Unreasonable  as  such  a  system  must  be  allowed  to  b^,  \\.  \&  TkR^» 
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without  its  use  as  a  means  of  reference  and  an  artificial  idd  to  the 
memory.  That  a  better  system  of  signs  and  symbols  might  haye 
been  devised  for  these  purposes,  may  be  admitted ;  but  when  it  is 
considered  that  the  names  and  forms  of  the  most  conspicuous  con- 
stellations have  had  their  origin  in  remote  antiquity  —  that  they 
were  handed  down  from  the  Chaldeans  to  the  Egyptians^  from  the 
Egyptians  to  the  Greeks,  and  from  these  to  the  modems — that 
they  are  referred  to  in  the  works  of  every  past  astronomer,  and 
registered  in  the  memory  of  every  living  observer  —  that  they  are 
associated  with  the  productions  of  art,  and  supply  illustrations  to 
the  orator  and  the  poet  —  it  will  be  readily  admitted  that,  even 
though  a  general  change  of  the  stellar  nomenclature  and  symbols 
were  practicable,  it  would  neither  be  advantageous  nor  advisable. 

As  an  example  of  a  constellation,  the  group  of  seven  conspicuous 
stars,  arranged  nearly  in  the  form  of  a  note  of  interrogation,  visible 
in  the  northern  part  of  the  firmament,  and  in  these  latitudes  always 
above  the  horizon,  may  be  referred  to.  This  constellation  is  called 
Ursa  major  (the  Great  Bear).  The  seven  stars  are  only  the  more 
conspicuous  of  those  which  compose  the  constellation,  the  entire 
number  being  eighty-seven,  most  of  them,  however,  being  tele- 
scopic ;  of  the  seven  chief  stars  one  only  is  of  the  first  magnitude, 
three  are  of  the  second,  and  three  of  the  third. 

The  seven  principal  stars  of  this  constellation  being  all  less  than 
forty  degrees  from  the  north  pole,  will  be  always  above  the  horizon 
in  latitudes  greater  than  forty  degrees.  Hence  it  is  that  this  con- 
stellation is  so  familiarly  known.  They  may  serve  as  standards  or 
moduli  by  which  the  astronomical  amateur  may  estimate  the 
orders  of  magnitudes  of  the  stars  generally.  It  is  in  the  quarter 
of  the  heavens  opposite  to  that  in  which  the  sun  is  in  the  month 
of  March,  and  is  therefore  visible  at  midnight  near  the  meridian 
above  the  pole  at  that  season.  In  the  month  of  September  it  is 
visible  at  midnight  below  the  pole. 

The  stars  which  compose  a  constellation  are  designated  usually 
by  the  letters  of  the  Greek  alphabet,  the  first  letters  being  ge- 
nerally assigned  to  the  most  conspicuous.  The  order  of  the  letters, 
however,  does  not  always  follow  strictly  the  order  of  magnitudes. 
When  the  stars  are  not  designated  by  letters,  they  are  distinguished 
by  numbers,  and  this  is  mostly  the  case  with  the  smaller  stars. 

It  is  usual  to  express  the  constellations  by  their  Latin  names, 
and  to  designate  the  individual  stars  by  the  letter  or  number  and 
the  constellation,  as  a  IjyrcBy  $  Ursce  majoriSj  6 1  OphittcM,  24 
Comae,  &c. 

In  the  cases  of  some  of  the  more  conspicuous  stars,  such  as  have 
been  objects  of  observation  in  remote  ages,  they  are  also  frequently 
distinguished  by  i^to^eit  -nam^^.    Thus,  a  Cania  nuxforis  is  more 
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g  commonly  called  Sinus,  and  sometimes  the  Dog-star ,  and  is  known 
y  as  the  most  resplendent  of  the  fixed  stars.  In  like  manner,  a  Piscis 
,  Audrcdis  is  always  called  Fonudl^uty  a  and  /S  Qeminorum  are  called 
Castor  and  PoUux,  /3  Ononis  is  known  as  Itigelf  a  Tauri  as.  Aide-' 
harauy  a  Virginis  as  Spica,  a  Bootis  as  Arctwus,  and  so  on. 
'         The  practical  usefulness  of  the  imaginary  figures  which  give 

names  to  the  constellations,  will  thus  be  understood.    If  we  desire 

I  ' 

to  express  the  position  of  the  star  ij  Urs€B  majoris,  for  example,  we 
say  that  it  is  at  the  tip  of  the  taU  of  the  Great  Bear.  We  indicate, 
in  like  manner,  the  place  of  the  three  remarkable  stars,  8,  c,  and  {* 
Ononis,  by  saying  that  they  form  the  belt  of  Orion,  and  another, 
Rigel,  by  saying  tiiat  it  is  on  his  foot.  The  star  Sirius  is  on  the 
nose  of  Ganis  major,  and  the  bright  star  /3  on  his  left  fore-foot. 

680.  Use  of  pointem* — Those  who  desire  to  obtain  an  ac- 
quaintance with  the  stars,  will  find  much  advantage  in  practising 
the  method  of  pointers,  by  which  the  position  of  conspicuous 
stars  with  which  the  observer  is  well  acquainted,  is  used  to 
ascertain  the  places  of  others  which  are  less  ^own  and  less  easily 
identified.  This  method  consists  in  assigning  two  conspicuous  stars 
so  placed,  that  a  straight  line  imagined  to  be  drawn  between  them, 
and  continued  if  necessary  in  the  same  direction,  will  pass  through 
or  near  the  star  whose  positign  it  is  desired  to  ascertain. 

The  most  useful  example  of  the  application  of  this  method,  is  the 
case  of  the  pole  star,  which  is  a  Ursce  minoris,  a  star  of  the  third 
magnitude.  Let  the  observer  direct  his  eye  to  the  two  conspicuous 
stars,  a  and  /S  Urs€B  majoris,  and  supposing  a  straight  line  drawn 
from  iS  to  a,  let  him  carry  his  eye  along  that  line  beyond  a  to  a  dis- 
tance about  six  times  the  space  between  a  and  fi,  he  will  arrive  at  the 
pole  star. 

681.  Use  of  star  maps. — To  comprehend  the  preceding  para- 
graphs, and  profit  by  the  instructions  given  in  them,  it  will  be  neces- 
sary for  the  reader  to  have  in  his  hands  a  set  of  star  maps.  The 
Guide  to  thb  Stabs  *  will  be  found  to  be  one  of  the  most  convenient 
works  for  this  purpose.  In  the  maps  there  given,  will  be  found  in- 
dications of  the  most  useful  applications  of  the  method  of  pointing. 

682.  Use  of  fbe  celestial  ^lobe. — A  celestial  globe  maybe 
defined  to  be  a  working  model  of  the  heavens.  It  is  mounted  like 
a  common  terrestrial  globe.  The  visible  hemisphere  is  bounded  by 
the  horizontal  circle  in  which  the  globe  rests.  The  brass  circle  at 
right  angles  to  this,  is  the  celestial  meridian.  The  constellations, 
with  outlines  of  the  imaginary  figures  from  which  they  teke  their 
names,  are  delineated  upon  it 

*  Twelve  Planispheres,  forming  a  Guide  to  the  Stars  for  every  Night  in 
the  Year,  with  an  Introdaction*—  fFaUon  and  Maberfyt  London* 
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The  globe  will  serve,  not  merely  as  an  instrument  of  instructioii, 
but  will  prove  a  ready  and  convenient  aid  to  tbe  amateur  in  astro* 
nomy,  superseding  the  necessity  of  many  calculations,  whicb  are 
often  discouraging  and  repulsive,  However  simple  and  easy  they  may 
be  to  those  who  are  accustomed  to  such  inquiries.  Most  of  the  alma- 
nacs contain  tables  of  the  principal  astronomical  phenomena,  of  the 
places  of  the  sun  and  moon,  and  of  the  principal  planets,  as  well  88 
the  times  when  the  most  conspicuous  stars  are  on  the  meridian  afber 
sunset.  These  data,  together  with  a  judicious  use  of  the  globe  and 
a  toleiiable  telescope,  will  enable  any  person  to  extend  his  acquaint- 
ance with  astronomy,  and  even  to  become  a  useful  contributor  to  the 
common  stock  of  information,  which  is  now  so  fEust  increasing  by  the 
zeal  and  ability  of  private  observers  in  so  many  quarters  of  the  globe. 

To  prepare  the  globe  for  use,  let  small  marks  (bits  of  paper 
gummed  on  will  answer  the  purpose)  be  placed  upon  it,  to  indicate 
the  positions  of  the  sun,  moon,  and  planets,  at  the  time  of  observing 
the  heavens.  The  place  of  the  sun  on  the  ecliptic  is  usually  marked 
on  the  globe  itself.  If  not,  its  right  ascension  (that  is,  its  distance 
from  the  vernal  equinoxial  point,  measured  on  the  celestial  equator), 
and  its  declination  (that  is,  its  distance  north  or  south  of  the 
equator),  are  given  in  the  almanac,  for  every  day.  The  moon*8 
right  ascension  and  declination  are  likewise  given. 

683.  To  find  tlie  place  of  an  object  on  tlio  irlobe  w^ben  its 
Ti^ht  ascension  and  declination  are  known. — Find  the  point 
on  the  equator  where  the  given  right  ascension  is  marked.  Turn 
the  globe  on  its  axis  till  this  point  be  brought  under  the  meridian. 
Then  count  off  an  arc  of  the  meridian  (north  or  south  of  the 
equator,  according  as  the  declination  is  given)  of  a  length 
equal  to  the  given  declination,  and  the  point  ^f  the  globe  im- 
mediately under  the  point  of  the  meridian  thus  found,  will  be 
the  place  of  the  object.  By  this  rule,  the  position  on  the  globe 
of  any  object  of  which  the  right  ascension  and  declination  are 
known,  may  be  immediately  found,  and  a  corresponding  mark  put 
upon  it. 

To  adjust  the  globe  so  as  to  use  it  as  a  guide  to  the  position 
of  objects  on  the  heavens,  and  as  a  means  of  identifying  the 
stars  and  learning  their  names,  let  the  lower  clamping-screw  of 
the  meridian  be  loosened,  and  let  the  north  pole  of  the  globe  be 
elevated  by  moving  the  brass  meridian  until  the  arc  of  this 
meridian  between  the  pole  and  the  horizon  be  equal  to  the 
latitude  of  the  place  of  observation.  Let  the  damping-screw 
be  then  tightened,  so  as  to  maintain  the  meridian  in  this  posi- 
tion^ Let  the  globe  be  then  so  placed  that  the  brass  meridian 
shall  be  directed  due  north  and  .south,  the  pole  being  turned  to  the 
north.    This  being  done,  th^  %lobe  will  correspond  with  the  heavens 
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so  far  as  relates  to  the  poles^  the  meridian^  and  the  points  of  the 
horizon. 

To  ascertain  the  aspect  of  the  firmament  at  any  hour  of  the 
night,  it  is  now  only  necessary  to  turn  the  globe  upon  its  axis  until 
the  mark  indicating  the  place  of  the  sun  shall  be  under  the  horizon  in 
the  same  position  as  the  sun  itself  actually  is  at  the  hour  in  question. 
To  effect  this,  let  the  globe  be  turned  until  the  mark  indicating 
the  position  of  the  sun  is  brought  under  the  meridian.  Observe 
the  hour  marked  on  the  point  of  the  equator  which  is  then  under 
the  meridian.  Add  to  this  hour  the  hour  at  which  the  observation 
is  about  to  be  taken,  and. turn  the  globe  until  the  point  of  the 
equator  on  which  is  marked  the  hour  resulting  from  this  addition 
is  brought  under  the  meridian.  The  position  of  the  globe  will 
then  correspond  with  that  of  the  firmament.  Every  object  on  the 
one  will  correspond  in  its  position  with  its  representative  mark  or 
symbol  on  the  other.  If  we  imagine  a  line  drawn  from  the  centre 
of  the  globe  through  the  mark  upon  its  surface  indicatmg  any  star, 
such  a  line,  if  continued  outside  the  surface  toward  the  heavens, 
would  be  directed  to  the  star  itself. 

For  example,  suppose  that  when  the  mark  of  the  sun  is  brought 
under  the  meridian,  the  hour  5^  40*",  is  found  to  be  on  the  equator 
at  the  meridian,  and  it  is  required  to  find  the  aspect  of  the  heavens 
at  half-past  ten  o'clock  in  the  evening. 

H.  M. 

To  -  5        40 

Add       -        10        30 

16        10 

Let  the  globe  be  turned  until  16*  10"  is  brought  under  the  meri- 
dian, and  the  aspect  given  by  it  will  be  that  of  the  heavens. 
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PERIODIC,  TBMPORABY,  AS1>  MULTIPLE  STABS.  —  PROPER  MOTION  OF  STARS. 

— MOTION  OF  THE  SOLAR  SYSTEM. 

684.  Telescopic  observations  on  individual  stars.  —  Be- 
sides bringing  within  the  range  of  observation  objects  placed  be- 
yond the  sphere  which  limits  the  play  of  natural  vision,  the 
telescope  has  greatly  multiplied  the  number  of  objects  visible 
within  that  sphei'e,  by  enabling  us  to  see  many  rendered  invisible 
by  their  minuteness,  or  confounded  with  others  by  their  apparent 
proximity.  Among  the  stars  also  which  are  visible  to  the  naked 
eye,  there  are  many,  respecting  which  the  telescope  has  dLaclos^^^^ 
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circumstances  of  the  highest  physical  interest,  by  which  they  have 
become  more  closely  allied  to  our  system,  and  by  which  it  is 
demonstrated  that  the  same  material  laws  which  coerce  the  planets, 
and  give  stability,  miiformity,  and  harmony  to  their  motions,  are 
also  in  operation  in  the  most  remote  regions  of  the  imiverse.  We 
shall  first  notice  some  of  the  most  remarkable  discoveries  respecting 
individual  stars,  and  shall  afterwards  explain  those  which  indicate 
the  arrangement,  dimensions,  and  form  of  the  collective  mass  of 
stars  which  compose  the  visible  firmament,  and  the  results  of  those 
researches  which  the  telescope  has  enabled  astronomers  to  make 
in  regions  of  space  still  more  remote. 

I.  PEBIODIC  STABS. 

685.  Stan  of  ▼ariable  lustre.  —  The  stars  in  general,  as  they 
are  stationary  in  their  apparent  positions,  are  equally  inyariable  in 
their  apparent  magnitiides  and  brightness.  To  this,  however, 
there  are  several  remarkable  exceptions.  Stars  have  been  ob- 
served, sufficiently  numerous  to  be  regarded  as  a  distinct  dass^ 
which  exhibit  periodical  changes  of  appearance.  Some  undergo 
gradual  and  alternate  increase  and  diminution  of  magnitude, 
varying  between  determinate  limits,  and  presenting  these  variations 
in  equal  intervals  of  time.  Some  are  observed  to  attain  a  certain 
maximum  magnitude,  from,  which  they  gradually  and  regularly 
decline  until  they  altogether  disappear.  After  remaining  for  a 
certain  time  invisible,  they  reappear  and  gradually  increase  till 
they  attain  their  maximum  splendour,  and  this  succession  of 
changes  is  regularly  and  periodically  repeated.  Such  objects  are 
called  periodic  stars. 

686.  Remarkable  stars  of  tbis  class  in  tbe  constellatioiis 
of  Cetus  and  Perseos.  —  The  most  remarkable  of  this  class  is 
the  star  called  Omikron,  in  the  neck  of  the  Whale,  which  was  first 
observed  by  David  Fabricius,  on  the  1 3th  of  August,  1 596.  This 
star  retains  its  greatest  brightness  for  about  fourteen  days,  being 
then  equal  to  a  large  star  of  the  second  magnitude.  It  then 
decreases  continually  for  three  months  until  it  becomes  invisible. 
It  remains  invisible  for  five  months,  when  it  reappears,  and 
increases  gradually  for  three  months  until  it  recovers  its  maximum 
splendour.  This  is  the  general  succession  of  its  phases.  Its 
entire  period  is  about  331  days.  This  period  is  not  always  the 
same,  and  the  gradations  of  brightness  through  which  it  passes  are 
said  to  be  subject  to  variation.  Hevelius  states  that,  in  the  in- 
terval between  1672  and  1 676,  it  did  not  appear  at  all. 

Some  recent  observations  and  researches  of  M.  Argelander, 
render  it  probable  that  the  period  of  this  star  is  subject  to  a  varia- 
tion which  is  itself  i^eriodical)  the  period  being  alternately  aug- 
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mented  and  diminislied  to  the  extent  of  25  days.    The  yariations 
of  the  maximum  lustre  are  also  probably  periodical 

The  star  called  Algol,  in  the  head  of  MedusUy  in  the  constellation 
of  Perseus,  affords  a  striking  example  of  the  rapidity  with  which 
these  periodical  changes  sometimes  succeed  each  other.  This 
star  generally  appears  as  one  of  the  second  magnitude ;  but  an 
interval  of  seven  hours  occurs  at  the  expiration  of  every  sixty-two, 
during  the  first  three  hours  and  a  half  of  which  it  gradually 
diminishes  in  brightness  till  it  is  reduced  to  a  star  of  the  fourth 
magnitude,  and  during  the  remainder  of  the  interval  it  again 
gradually  increases  until  it  recovers  its  original  magnitude.  Thus, 
if  we  suppose  it  to  have  attained  its  maximum  splendour  at  mid- 
night on  the  first  day  of  the  month,  its  changes  would  be  as 
follows :  — 

D.      H.      M.  D.      H.      M. 

o    o    oto2i4    olt  appears  of  second  magnitude, 
z  1 4    o  to  z  1 7  24  It  decreases  gradually  to  fourth  magnitude. 
2i7  24to2  20  48It  increases  gradually  to  second  magnitude. 
2  20  48  to  5  10  48  It  appears  of  second  magnitude. 
5  I0  48to5  14  12  It  decreases  to  fourth  magnitude. 
5  14  i2to5  17  36  It  increases  to  second  magnitude. 
&c.  &c.  &c. 

This  star  presents  an  interesting  example  of  its  class,  as  it  is 
constantly  visible,  and  4ts  period  is  so  short  that  its  succession  of 
phases  may  be  frequently  and  conveniently  observed.  It  is  situate 
near  the  foot  of  the  constellation  Andromeda,  and  lies  a  few  degrees 
north-east  of  three  stars  of  the  fourth  magnitude  which  form  a 
triangle.  * 

Goodricke,  who  discovered  the  periodic  phenomena  of  Algol  in 
1782,  explained  these  appearances  by  the  supposition  that  some 
opaque  body  revolves  round  it,  being  thus  periodically  interposed 
between  the  earth  and  the  star,  so  as  to  intercept  a  large  portion 
of  its  light. 

The  more  recent  observations  on  this  star  indicate  a  decrease  of 
its  period,  which  proceeds  with  accelerated  rapidity.  Sir  J.  Her- 
schel  thinks  that  this  decrease  will  attain  a  limit,  and  will  be 
followed  by  an  increase,  so  th%t  the  variation  of  the  period  will 
prove  itself  to  be  periodic. 

The  stars  8  in  Cephetis  and  jS  in  Lgra  are  remarkable  for  the 
regular  periodicity  of  their  lustre.  The  former  passes  from  its 
least  to  its  greatest  lustre  in  thirty-eight  hours,  and  from  its  great- 
est to  its  least  in  ninety-one  hours.  The  changes  of  lustre  of  the 
latter,  according  to  the  recent  observations  of  M.  Argelander,  are 
very  complicated  and  curious.    Its  entire  period  is  1 2  days  2 1  hss.« 
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J3  min.  lo  see.,  and  in  tliat  time  it  &8t  increues  in  lustre,  then 
decreases,  then  increesea  again,  and  then  decreases,  bo  that  it  hu 
two  maxima  and  two  Tninimit.  At  the  two  maxima  its  Iiisbe  is 
that  of  a  etar  of  the  3  '4  magnitude,  and  at  one  of  the  minima  its 
lustre  is  that  of  a  star  of  the  4-3,  and  at  the  other  that  of  a  star  of 
the  4*;  magnitude. 

In  this  case  also  the  period  of  the  star  is  fonnd  to  be  periodicallj 
Tariablit. 

687.  Table  of  ttie  pertodlo  stsra.  —  Upwards  of  n  hundnd 
etara  have  been  discovered  to  be  periodically  variable ;  in  ll( 
following  table  will  be  found  a  list  of  those,  whose  limits  of 
variability  have  been  determined  with  some  degree  of  accaiaej. 
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The  maximum  and  minimwrn  extremes  of  lustre^  with  the  periods 
*!  when  known,  are  given  in  the  preceding  table,  the  stars  being 
u  arranged  in  the  order  of  Tight  ascension.  The  numbers  are  prin- 
9  cipally  extracted  &om  the  lists  of  variable  stars  by  Mr.  Pogson.  — > 
'i    (MadcUffe  Observations,) 

«       In  the  case  of  many  of  these  stars,  the  variations  of  lustre  are 
subject  to  considerable  irregularities.    Thus  %  Pygiu  was  scarcely 
fi    visible  from  1 698  for  the  interval  of  three  years,  even  at  the  epochs 
when  it  ought  to  have  had  its  greatest  lustre.    The  extremes  of 
If    lustre  of  B  Scuti  are  also  very  variable  and  irregular.    In  general 
1     the  variations  of  B  Coronae  are  so  inconsiderable  as  to  be  scarcely 
I     perceivable,  but  they  become  sometimes  suddenly  so  great  that  the 
star  wholly  disappears.    The  variations  of  a  Orionis  were  very  con- 
spicuous from  1836  to  1840,  and  again  in  1849,  l>6^g  much  less 
so  in  the  intermediate  time. 

688.  BCypotbeses  proposed  to  explain  tbese  pbenomena. — 
Several  explanations  have  been  proposed  for  these  appearances. 

1 .  Sir  W.  Herschel  considered  &at  the  supposition  of  the  ex- 
istence of  spots  on  the  stars  similar  to  the  spots  on  the  sun, 
combined  with  the  rotation  of  the  stars  upon  axes,  similar  to  the 
rotation  of  the  sun  and  planets,  afforded  so  obvious  and  satisfactory 
an  explanation  of  the  phenomena,  that  no  other  need  be  sought. 

2.  Newton  conjectured  that  the  variation  of  brightness  might  be 
produced  by  comets  falling  into  distant  suns  and  causing  temporary 
conflagrations.  Waiving  any  other  objection  to  this  conjecture,  it 
is  put  aside  by  its  insuf&ciency  to  explain  the  periodicity  of  the 
phenomena. 

3.  Maupertius  has  suggested  that  some  stars  may  have  the  form 
of  thin  flat  disks,  acquired  either  by  extremely  rapid  rotation  on  an 
axis,  or  other  physical  cause.  The  ring  of  Saturn  affords  an  ex- 
ample of  this,  within  the  limits  of  our  own  system,  and  the  modem 
discoveries  in  nebular  astronomy  offer  other  examples  of  a  like 
form.  The  axis  of  rotation  of  such  a  body  might  be  subject  to 
periodical  change  like  the  nutation  of  the  earth's  axis,  so  that  the 
flat  side  of  the  luminous  disk  might  be  present  more  or  less  to- 
wards the  earth  at  different  times,  and  when  the  edge  is  so  pre- 
sented it  might  be  too  thin  to  be  visible.  Such  a  succession  of 
phenomena  is  actually  exhibited  in  the  case  of  the  rings  of 
Saturn,  though  proceeding  from  different  causes. 

4.  Mr.  Dunn*  has  conjectured  that  a  dense  atmosphere  sur- 
rounding the  stars,  in  different  parts  more  or  less  pervious  to  light, 
may  explain  the  phenomena.  This  conjecture,  otherwise  vague, 
indefinite,  and  improbable,  totally  fails  to  explain  the  periodici^  of 
the  phenomena. 

*  Philomjphieal  Tratuactions,  vol.  Hi. 
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5.  It  has  been  sug^sted  that  the  periodical  obscuration  or  total 
disappearance  of  the  star  may  arise  from  transiU  of  the  star  bj  its 
attendant  planets.  The  transits  of  Venus  and  Mercury  are  the  hasifl 
of  tills  conjecture. 

The  transits  of  none  of  the  planets  of  the  solar  system^  seen  from 
the  stars,  could  render  the  sun  a  periodic  star.  The  magnitudes, 
even  of  the  largest  of  them,  are  altogether  insufficient  for  such  an 
eifect.  To  this  objection  it  has  been  answered,  that  planets  of  vastly 
great  comparative  magnitude  maj  revolve  round  other  suns.  But 
if  the  magnitude  of  a  planet  were  sufficient  to  produce  bjits  transit 
these  considerable  obscurations,  it  must  be  very  little  inferior  to  the 
magnitude  of  the  sun  itself,  or  at  all  events  it  must  bear  a  veiy 
considerable  proportion  to  the  magnitude  of  the  sun ;  in  which  case 
it  may  be  objected  that  the  predominance  of  attraction  necessary 
to  maintain  the  sun  in  the  centre  of  its  system  could  not  be 
secured.  To  this  objection  it  is  answered,  that  although  the  planet 
may  have  a  great  comparative  magnittidey  it  may  have  a  very  small 
comparative  density j  and  the  gravitating  attraction  depending  on 
the  actual  mass  of  matter,  the  predominance  of  the  solar  mass  may 
be  rendered  consistent  with  t^e  great  relative  magnitude  of  the 
planet  by  supposing  the  density  of  the  one  vastly  greater  than  that 
of  the  other.  The  density  of  the  sun  is  much  greater  than  the  den- 
sity of  Saturn.  ^ 

6.  It  has  been  suggested  that  there  may  be  systems  in  which  the 
central  body  is  a  planet  attended  by  a  lesser  sun  revolving  round  it 
as  the  moon  revolves  roimd  the  earth,  and  in  that  case  the  periodical 
obscuration  of  the  sun  may  l^e  produced  by  its  passage  once  in  each 
revolution  behind  the  central  planet. 

Such  are  the  various  conjectures  which  have  been  proposed  to 
explain  the  periodic  stars;  and  as  they  are  merely  conjectures, 
scarcely  deserving  the  name  of  h3rpotheses  or  theories,  we  shall  leave 
them  to  be  taken  for  what  they  are  worth. 

n.  TEMPORABT  STAES. 

Phenomena  in  most  respects  similar  to  those  just  described,  but 
exhibiting  no  recurrence,  repetition,  or  periodicity,  have  been  ob- 
served in  many  stars.  Thus,  stars  have  from  time  to  time  appeared 
in  vaiious  parts  of  the  firmament,  have  shone  with  extraordinary 
splendour  for  a  limited  time,  and  have  then  disappeared  and  have 
never  again  been  observed. 

689.  Temporary  stars  seen  In  aneient  times. — The  first  star 
of  this  class  which  has  been  recorded,  is  one  observed  by  HippctrchuSf 
125  B.C.,  the  disappearance  of  which  is  said  to  have  led  that  as- 
tronomer to  make  hds  celebrated  catalogue  of  th^  fixed  stars;  a  work: 
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^  J  which  has  proved  in  modem  times  of  great  value  and  interest.  In 
^.  the  389th  year  of  our  era,  a  star  blazed  forth  near  a  Aqutke,  which 
^  shone  for  three  weeks^  appearincr  as  splendid  as  the  planet  Venus, 

after  which  it  disappeared  and  has  nevei  since  been  seen.    In  the 

^^  years  945,  1 264,  and  1572,  brilliant  stars  appeared  between  the 

k  consteUatioas  of  Cepheua  and  Cassiopeia.    The  accounts  of  the  posi- 

''  tions  of  these  objects  are  obscure  and  uncertain,  but  the  intervals 

between  the  epochs  of  their  appearances  being  nearly  equal,  it  has 
*  been  conjectured  that  they  were  successive  returns  of  the  same 
^   periodic  star,  the  period  of  which  is  about  300  yeaw,  or  possibly 

half  that  interval. 
'         The  appearance  of  the  star  of  1 572  was  very  remarkable,  and 

having  been  witnessed  by  the  most  eminent  astronomers  of  that  day, 

the  account  of  it  may  be  considered  to  be  well  entitled  to  confidence. 

Tt/cho  Brahe,  happening  to  be  on  his  return  on  the  evening  of  the 

1  ith  of  November  &om  his  laboratory  to  his  dwelling-house,  found 
a  crowd  of  peasants  gazing  at  a  star  which  he  was  sure  did  not  exist 
half  an  hour  before.  This  was  the  temporary  star  of  1 572,  which 
was  then  as  bright  as  Slrius,  and  continued  to  increase  in  splendour 
imtil  it  surpassed  Jupiter  when  that  planet  is  most  brilliant,  and 
finally  it  attained  such  a  lustre  that  it  was  visible  at  mid-day.  '  It 
began  to  diminish  in  December,  and  altogether  disappeared  in  March, 

1574- 
On  the  loth  of  October,  1604,  a  splendid  star  suddenly  burst 

out  in  the  constellation  of  Set-perUarius,  which  was  as  bright  as 

that  of  1572.     It  continued  visible  till  October,  1605,  when  it 

vanished. 

690.  Temporary  star  obserred  by  Mr.  Bind. — A  star  of  the 
fifth  magnitude,  easily  visible  to  the  naked  eye,  was  seen  by  Mr. 
Hind  in  the  constellation  of  Ophiuchus,  on  the  night  of  the  28th 
of  April,  1 848.  From  the  perfect  acquaintance  of  that  observer 
with  the  region  of  the  firmament  in  which  he  saw  it,  he  was  quite 
certain  that,  previous  to  the  5th  of  April,  no  star  brighter  than  ^ose 
of  the  ninth  magnitude  had  been  there,  nor  is  there  any  star  in  the 
catalogues  at  all  corresponding  to  that  which  he  saw  there  on  the 

2  8  th.  This  star  continued  to  be  observed  at  th  e  Royal  Observatory, 
Greenwich,  until  the  year  1851.  On  the  17th  of  June,  its  mag- 
nitude was  estimated  about  the  fourteenth,  being  too  faint  for  the 
usual  meridional  observation.  Since  this  time  it  does  not  appear 
to  have  been  again  observed. 

691.  MEtoBlnff  stars. — To  the  class  of  temporary  stars  may  be 
referred  the  cases  of  numerous  stars  which  have  disappeared  &om 
the  firmament.  On  a  careful  examination  of  the  heavens,  and  a 
comparison  of  the  objects  observed  with  former  catalogues,  and  of 
catalogues  ancient  and  modem  with  each  other,  many  8tox&  l<s^- 
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merly  known  are  now  ascertained  to  be  misduig ;  and  althougliy  as 
Sir  John  Herschel  observes^  there  is  no  doubt  that  in  many  in- 
stances these  apparent  losses  have  proceeded  from  mistaken  enlriefl^ 
yet  it  is  equally  certain  that  in  numerous  eases  there  can  have 
been  no  mistake  in  the  observation  or  the  entry,  and  that  the  star 
has  really  existed  at  a  former  epoch,  and  as  certainly  has  since 
disappeared. 

When  we  consider  the  vast  length  of  many  of  the  periods  of 
astronomical  phenomena,  it  is  far  from  being  improbable  that  these 
phenomena  which  seem  to  be  occasional,  accidental,  and  springing 
from  the  operation  of  no  regular  physical  causes,  such  as  tboee  in- 
dicated by  the  class  of  yariable  stars  first  considered,  may  after 
all  be  periodic  stars  of  the  same  kind,  whose  appearances  and  dis- 
appearances are  brought  about  by  similar  causes.  All  that  can  be 
certainly  known  respecting  them  is,  that  they  have  appeared  or 
disappeared  once  in  that  brief  period  of  time  within  which  astro- 
nomical observations  have  been  made  and  recorded.  If  they  be 
periodic  stars,  the  length  of  whose  period  exceeds  that  int^ral, 
their  changes  could  only  have  been  once  exhibited  to  ns,  and  after 
ages  have  rolled  away,  and  time  has  converted  the  future  into  the 
past,  astronomers  may  witness  the  next  occurrence  of  their  phases^ 
and  discover  that  to  be  regular,  harmonious,  and  periodic^  which 
appears  to  us  accidental,  occasional,  and  anomalous. 

in.  DOUBLE  STABS. 

When  the  stars  are  examined  individually  by  telescopes  of  a 
certain  power,  it  is  found  that  many  which  to  the  naked  eye 
appear  to  be  single  stars  are  in  reality  two  stars  placed  so  dose  to- 
gether that  they  appear  as  one.    These  are  called  double  stars, 

692.  Researebea  of  Sir  HIT.  and  Sir  J.  Berselial. — A  very 
limited  number  of  these  objects  had  been  discovered  before  the 
telescope  had  received  the  vast  accession  of  power  which  was  given 
to  it  by  the  labour  and  genius  of  Sir  William  Herschel.  That 
astronomer  observed  and  catalogued  500  double  stars ;  and  subse- 
quent observers,  among  whom  his  son.  Sir  John  Herschel,  holds 
tiiie  foremost  place,  have  augmented  the  number  to  6000. 

693.  Stan  optically  doable.  —  The  dose  appcurent  juxta- 
position of  two  stars  on  the  firmament  is  a  phenomenon  which 
might  be  easily  explained,  and  which  could  create  no  surprise. 
Such  an  appearance  would  be  produced  by  the  accidental  circum- 
stance of  the  lines  of  direction  of  the  two  stars  as  seen  from  the 
earth,  forming  a  very  small  angle,  in  which  case,  although  the  two 
stars  might  in  reality  be  as  far  removed  from  each  other  as  any 
stars  in  the  heavens,  they  would  nevertheless  appear  dose  together. 
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The^.  98,  will Teadei tliis  eaailyDDdstsbMd.    Lata  uid&be  tliB 

'  two  stars  seen  from  c.    The  star  a  will  be  se«m  lelatively  tob,aa 
if  it  were  at  d,  and  llie  two  object«  will  seem  to  be  in  cloae  juxto* 


position ;  and  if  the  angle  under  the  tines  c  a  and  c  i  be  less  than 
the  sum  of  ^e  apparent  Bomidiameteis  of  the  atara,  they  would 
ftctuallj  appear  to  touch. 

694.  This  ■nppiwltioa  not  Kwat/w»lly  aAmlBslliIe. — If  snch 

objects  were  few  in  number,  this  mode  of  explaining  them  might 
be  admitted ;  and  such  may,  in  fact,  be  tiie  cause  of  the  pheno- 
menon in  Bome  instances.  The  chancca  againat  auch  proximity  of 
the  lines  of  direction  are  however  so  great  as  to  be  utterly  incom- 
patible with  the  Tast  number  of  double  stara  that  have  been  dia- 
cavered,  even  were  there  not,  as  there  is,  other  conclusive  proof 
that  thia  proximity  and  companionahip  is  ueitlier  accidental  nor 
merely  apparent,  but  that  the  connection  is  real,  and  tbat  the  ob- 
jects are  miited  by  a  physical  bond  analogous  to  that  which 
attaches  IJie  planets  to  the  sun. 

But  apart  from  the  proofs  of  real  proximity  which  exist  respect- 
ing many  of  the  double  stars,  and  which  will  presently  be  explained, 
it  haa  been  shown  that  the  probability  against  mere  optical  juxta- 
position such  aa  that  described  above  is  tdmost  infinite.  Profeaaor 
Btruve  has  shown  that,  taking  the  number  of  atara  whose  existence 
has  been  ascert^ed  by  observation  down  to  the  7th  magnitude 
inclusive,  and  aupposing  them  to  be  acattered  fortuitously  over  the 
entire  firmament,  the  chances  againat  any  two  of  tbem  having  a 
poution  so  close  to  each  other  as  4"  would  be  9570  to  i.  But 
when  this  calculation  was  made,  considerably  more  tiian  1 00  cases 
of  snch  duple  juxtaposition  were  ascertained  to  exist  The  same 
astronomer  also  calculated  that  tlie  chances  against  a  third  alar 
falling  within  ^2"  of  the  first  two  would  be  173,524  to  one; 
yet  the  firmament  presents  at  least  four  auch  triple  combinations. 

Among  the  most  stiiliing  examples  of  double  stars  may  be 
mentioned  the  bright  star  Cadar,  which,  when  sufficiently  magni- 
fied, is  proved  to  coneist  of  two  stars  between  the  third  and  iourth 
magnitudes,  within  five  seconds  of  each  other.  There  are  many, 
however,  which  are  separated  by  intervals  leas  tiian  one  second  { 
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such  as  c  Arietis,  Atlas  Pleiadum,  y  Corona,  ^  and  f  SercuHs,  and 
T  and  \  Ophiuchi, 

695.  Arrument  against  mere  optloal  donlile  stars  deriTed 
flrom  tbelr  proper  motloii. — Another  argxunent  ag^ainst  the  sup- 
pofiition  of  mere  fortuitous  optical  juxtaposition^  unattended  by 
any  physical  connection^  is  derived  fix>m  a  circumstance  which  will 
be  fully  explained  hereafter.  Certain  stars  have  been  ascertained 
to  have  a  proper  motion,  that  is^  a  motion  exdusivelj  belonging 
to  each  individual  star,  in  which  the  stars  aroimd  it  do  not  parti- 
cipate. Now,  some  of  the  double  stars  have  such  a  motion.  If 
one  individual  of  the  pair  were  affected  by  a  proper  motion,  in 
which  the  other  does  not  participate,  their  separation  at  some 
subsequent  epoch  would  become  inevitable,  since  one  would  neces- 
sarily move  away  from  the  other.  Now,  no  such  separation  has 
in  any  instance  been  witnessed.  It  follows,  therefore^  that  the 
proper  motion  of  one  equally  affects  the  other,  and  consequently^ 
that  their  juxtaposition  is  real  and  not  merely  optical.    ' 

696.  Strave's  olassillcation  of  double  stars.  —  The  sys- 
tematic observation  of  double  stars,  and  their  reduction  to  a  cata- 
logue with  individual  descriptions,  commenced  by  Sir  W.  Herschel, 
has  been  continued  with  great  activity  and  success  by  Sir  J. 
Herschel,  Sir  J.  South,  and  Professor  Struve,  so  that  the  number 
of  these  objects  now  known,  as  to  character  and  position,  amounts 
to  several  thousand,  the  individuals  of  each  pair  being  less  than 
32''  asunder.  They  have  been  classed  by  Rrofessor  Struve  ac- 
cording to  their  distances  asunder,  the  first  class  being  separated 
by  a  distance  not  exceeding  i'',  the  second  between  i'^  and  2", 
the  third  between  2"  and  4'',  the  fourth  between  4"  and  8",  the 
fifth  between  8"  and  12'',  the  sixth  between  12''  and  16'',  the 
seventh  between  16"  and  24'',  and  the  eighth  between  24" 
and  32''. 

697.  Selection  of  double  stars. —  The  double  stars  in  the  fol- 
lowing Table  have  been  selected  by  Sir  J.  Herschel  from  Struve's 
catalogue,  as  remarkable  examples  of  each  class  well  adapted  for 
observations  by  amateurs,  who  may  be  disposed  to  try  by  them 
the  efficiency  of  telescopes.     (See  next  page.) 

698.  Coloured  double  stars. —  One  of  the  characters  observed 
among  the  double  stars  is  the  frequent  occurrence  of  stars  of 
different  colours  found  together.  Sometimes  these  colours  are 
complementary  (0.  185);  and  when  this  occurs,  it  is  possible 
that  the  fainter  of  the  two  may  be  a  white  star,  which  appears  to 
have  the  colour  complementary  to  that  of  the  more  brilHant,  in 
consequence  of  a  well-understood  law  of  vision,  by  which  the 
retina  being  highly  excited  by  light  of  a  particular  colour  is  ren- 
dered insensible  to  lees  intense  light  of  tiie  same  colour,  so  that 
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the  camplemeut  of  the  whole  light  of  the  fainter  star  finds  the 
laiink  more  sensible  than  that  put  which  is  identical  in  colour 
with  the  brighter  etar,  and  the  impreaaioQ  of  the  oomplementw; 
colour  BccordiDgly  prevails.  In  manj  cases,  however,  the  dif- 
ference of  colour  of  the  two  stats  is  re^ 

WheD  the  colours  are  complementary,  the  more  brilliant  itu 
is  geiMraily  of  a  bright  red  or  orange  colour,  tbe  smaUec  appealing 
bluish  or  greenish.  The  double  stars  i  Cancri  and  y  Andromede 
are  examples  of  this.  According  to  Sir  J.  Herschel,  insulated 
stars  of  a  red  colour,  some  almost  Uood-ied,  occur  in  many  parit ' 
of  the  heavens ;  but  no  eiunple  haaheen  metwith  of  a  dacidedlj 
green  or  blue  star  unaasociated  with  a  much  brighter  companion. 

699.  Triple  and  otber  mvltlpla  ataiw.  —  When  teleacopes  of 
tlie  greatest  efficiency  are  directed  upon  some  stnrs,  wiiich  to  moit 
ordinary  instrumenta  appear  only  double,  they  prove  to  consist  of 
three  or  more  atars.  In  some  cases  one  of  the  two  companioos  onlj 
is  double,  80  that  the  entire  combination  is  triple.  In  otiierg  bot^ 
are  double,  the  whole  being,  therefore,  a  quadruple  star.  An  ex- 
ample of  this  latter  class  is  presented  by  the  star  t  Lyrse.  Some- 
times the  third  star  is  much  smaller  than  the  principal  ones,  for 
'  a  the  cases  of  f  Cancri,  (  Scorpii,  1 1  Monocerotis,  and 
I  z  Lyncia.  In  others,  as  in  e  Orionia,  the  four 
I  component  stats  are  all  conapicuoua. 

700.  Attempta  to  lUaooTer  tlis  ateUar  pa- 

I  rallax  I17  ilonlile  stars. — When  tbe  attention  of 

9  was  first  attracted  to  double   stars, 

is  thought  they  would  afford  a  most  promi^ng 

LB  of  determining  the  """"al   parallax,  and 

I  tlierehy  discovering  the  distance  of  the  stars.    If 

suppose    the   two    individuals   composing  a 

I  double  etar,  being  situate  very  nearly  in  the  same 

I  direction  as  seen  irom  die  earth,  to  be  at  very 

I  dilferent  distances,  it  might  be  expected  that  theii 

I  apparent  relative  podlion  would  vary  at  difierent 

s  of  the  year,  by  reason  of  the  change  of 

I  position  of  the  earth. 

'  :t  A  and  B,  Jig.  99,  represent  the  two  indi- 

I  viduals  composing  a  double  star.     Let  C  and  n 

I  represent  two  positions  of  the  earth  in  its  annual 

I  orbit,  separated  by  an  interval  of  half  a  year,  and 

)  placed  therefore  on  ^opposite  sides  of  t^  sun  s. 

i'^t-  fi-  When  viewed  from  C,  the  star  b  will  be  ia  the 

left  of  the  star  &;    and  when  viewed  from  D, 

it  will  be  to  the  right  of  it    During  the  intermediate  six  montlis 

the  relative  change  of  position  would  giadnaUy  be  e&cted,  and 
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the  one  star  would  thus  appear  either  to  revolve  annually  round 
the  other^  or  would  oscillate  semi-annually  from  side  to  side  of 
the  other.  The  extent  of  its  play  compared  with  the  diameter  0  D 
of  the  earth's  orbit,  would  simply  the  data  necessary  to  determine 
the  proportion  which  the  distance  of  the  stars  would  bear  to  that 
diameter. 

The  great  probletn  of  the  stellar  parallax  seemed  thus  to  be  re- 
duced to  the  measurement  of  the  small  interval  between  the  indi- 
viduals of  double  stars;  and  it  happened  fortunately,  that  the 
micrometers  used  in  astronomical  instruments  were  capable  of 
measuring  these  minute  angles  with  much  greater  relative  accuracy 
than  could  be  attained  in  the  observations  on  greater  angular  dis- 
tances. To  these  advantages  were  added  the  absence  of  all  possible 
errors  arising  from  refraction,  errors  incidental  to  the  graduation  of 
instruments,  from  imcertainty  of  levels  and  plumb-lines,  ^m  all 
estimations  of  aberration  and  precession ;  in  a  word,  from  all  effects 
which,  equally  affecting  both  the  individual  stars  observed,  could 
not  interfere  with  the  results  of  the  observations,  whatever  they 
might  be. 

70 1 .  Obsenratlona  of  Sir  W.  Bersfibel. — ^These  considerations 
raised  great  hopes  among  astronomers,  that  the  means  were  in  their 
hands  to  resolve  finally  the  great  problem  of  the  stellar  parallax, 
and  Sir  William  Herschel  accordingly  engaged,  with  all  his  char- 
acteristic ardour  and  sagacity,  in  an  extensive  series  of  observations 
on  the  numerous  double  stars,  for  the  original  discovery  of  which 
science  was  already  so  deeply  indebted  to  his  labours.  He  had  not; 
however,  proceeded  far  in  his  researches,  when  phenomena  un- 
folded themselves  before  him,  indicating  a  discovery  of  a  much 
higher  order  and  interest  than  that  of  the  parallax  which  he  sought. 
He  found  that  the  relative  position  of  the  individuals  of  many  of 
the  double  stars  which  he  examined  were  subject  to  a  change,  but 
that  the  period  of  this  change  had  no  relation  to  the  period  of  the 
earth's  motion.  It  is  evident  that  whatever  appearances  can  pro- 
ceed from  the  earth's  annual  motion,  must  be  not  only  periodic  and 
regular,  but  must  pass  annually  through  the  same  series  of  phases, 
always  showing  the  same  phase  on  each  return  of  the  same  epoch 
of  the  sidereal  year.  Li  the  changes  of  position  which  Sir 
William  Herschel  observed  in  the  double  stars,  no  such  series  of 
phases  presented  themselves.  Periods,  it  is  true,  were  soon 
developed ;  but  these  periods  were  regulated  by  intervals  which 
neither  agreed  with  each  other  nor  with  the  earth's  annual 
motion. 

702.  Bis  dlscoverj  of  binary  stars. — Some  other  explanation 
of  the  phenomena  must,  therefore,  be  sought  for ;  and  the  illustrious 
observer  soon  arrived  at  the  conclusion,  that  these  apparent  c1vas\.s6^ 
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of  position  were  due  to  real  motions  in  the  stars  thems^ves ;  that 
lliese  starS;  in  fact,  moved  in  proper  orbits  in  the  same  manner  as 
the  planets  moved  around  the  sun.  The  slowness  of  the  succession 
of  changes  which  were  observed,  rendered  it  necessary  to  watch 
their  progress  for  a  long  period  of  time  before  their  motions  could 
be  certainly  or  accurately  known ;  and  accordingly,  although  these 
researches  were  commenced  in  1778,  it  was  not  until  the  year 
1 803  that  the  observer  had  collected  data  sufficient  to  justify  any 
positive  conclusion  respecting  their  orbital  motions.  In  that  and 
the  following  year,  Sir  William  Herschel  annoimeed  to  the  Boyal 
Society,  in  two  memorable  papers  read  before  that  body,  that  there 
exist  sidereal  systems  consisting  of  two  stars  revolving  about  each 
other  in  regular  orbits,  and  constituting  what  he  called  bmarystmtj 
to  distinguish  them  from  double  stars,  generally  so  called^  in  which 
no  such  periodic  change  of  position  is  discoverable.  Both  the  indi- 
viduals of  a  binaiy  star  are  at  the  same  distance  from  the  eye  in 
the  same  sense  in  which  the  planet  Uranus  and  its  attendant 
satellites  are  said  to  be  at  the  same  distance. 

More  recent  observation  has  fully  confirmed  these  remarkaUe 
discoveries.  In  1 841,  Madler  published  a  catalogue  of  upwards  of 
100  stars  of  this  class,  and  eveiy  year  augments  their  number. 
These  stars  require  the  best  telescopes  for  their  observation,  being 
generally  so  close  as  to  render  the  use  of  very  high  magnifying 
powers  indisp^isable. 

703.  Sxtension  of  tbe  law  of  grraTitatioii  to  tbe  stank-r-The 
moment  the  revolution  of  one  star  round  another  was  ascertained, 
the  idea  of  the  possible  extension  of  the  great  principle  of  gravita- 
tion to  these  remote  regions  of  the  universe  naturally  suggested 
itself.  Newton  has  proved  in  his  Principiaj  that  if  a  body  revolve  in 
an  ellipse  by  an  attractive  force  directed  to  the  focus^  that  force 
will  vary  according  to  the  law  which  characterises  gravitation. 
Thus  an  elliptical  orbit  became  a  test  of  the  presence  and  sway  of 
the  law  of  gravitation.  If,  then,  it  could  be  ascertained  that  the 
orbits  of  the  double  stars  were  ellipses,  we  should  at  once  arrive 
at  the  fact  that  the  law  of  which  the  discovery  conferred  such 
celebrity  on  the  name  of  Newton,  is  not  confined  to  the  solar 
system,  but  prevails  throughout  the  universe. 

704.  Orbit  of  star  around  star  elliptic. —  The  first  distinct 
system  of  calculation  by  which  the  true  elliptic  elements  of  the 
orbit  of  a  binaiy  star  were  ascertained,  was  supplied  in  1830,  by 
M.  Savaiy,  who  showed  that  the  motion  of  one  of  the  most  re- 
markable of  these  stars  (4  Ursce  majoris)  indicated  an  elliptic 
orbit  described  in  58^  years.  Professor  Encke,  by  another  process, 
arrived  at  the  fact  that  the  star  70  OphiucJn  moved  in  an  ellipse 
with  a  period  of  74  years.    Several  other  orbits  were  ascertained 


DOUBLE  STARS.  411 

^  ^and  computed  by  Sir  John  Herschel;  MM.  Madler^  Hind^  Smyth^ 
^  ^and  others. 

*  r.     7^5*  >^i>^<^l^"'^l®  cmme  of  y  Vlrirtnis* —  The  most  remarkable 
of  these,  according  to  Sir  John  Herschel,  is  7  Virgmia:  not  only 
.  on  account  of  the  length  of  its  period,  but  by  rea9on  also  of  the 
r  great  diminution  of  apparent  distance  and  rapid  incitoase  of  angular 
^^  motion  about  each  other,  of  the  indiyiduals  composing  it.    It  is 
r  a  bright  star  of  the  fourtii  magnitude,  and  its  component  stars  are 
almost  exactly  equal.    It  has  been  known  to  consist  of  two  stars 
\    since  the  beginning  of  the  eighteenth  century,  their  distance  being 
^     then  between  six  and  seven  seconds ;  so  that  any  tolerably  good 
^    telescope  would  resolve  it.    Since  that  time  they  have  been  in 
^    conjunction,  so  that  no  telescope  that  was  not  of  very  superior 
^'    quality  was  competent  to  show  them  otherwise  than  as  a  single 
^    star  somewhat  lengthened  in  one  direction.    At  the  present  time 
'    the  stars  have  passed  each  other,  their  angular  distance  being 
.     about  four  seconds.    It  fortunately  happens  that  Bradley,  in  1 7 1 8, 
'    noticed  and  recorded,  in  the  margin  of  one  of  his  observation- 
books,  the  apparent  direction  of  their  line  of  junction  as  being 
*'    parallel  to  that  of  two  remarkable  stars  a  and  8  of  the  same  con- 
^    steUation,  as  seen  by  the  naked  eye.    They  are  entered  also  as 
^     distinct  stars  in  Mayer's  catalogue ;  and  tins  affords  also  another 
^     means  of  recovering  their  relative  situation  at  the  date  of  his  ob- 
^     servations,  which  were  made  about  the  year  1756.     Without 
particularising  individual  measurements,  which  will  be  found  in 
'      their  proper  repositories,  it  wHl  suffice  to  remark,  that  their  whole 
series  is  represented  by  an  ellipse. 

706.  Singrnlar  pbenomena  produced  by  one  solar  ejvtenoi 
tbuB  revolTinff  ronnd  anotber.  —  To  understand  the  curious 
effects  which  must  attend  the  case  of  a  lesser  sun  with  its  attend- 
ant planets  revolving  round  a  greater,  let  the  larger  sun,^.  100, 
with  its  planets  be  represented  as  s,  in  the  focus  of  an  ellipse,  in 
which  the  lesser  sun  accompanied  by  its  planets  moves.  At  a  this 
latter  sun  is  in  its  perihelion,  and  nearest  to  the  greater  sun  s. 
Moving  in  its  periodical  course  to  B,  it  is  at  its  mean  distance  from. 
the  sun  s.  At  i)  it  is  at  aphelion,  or  its  most  distant  point,  and 
finally  returns  through  c  to  its  perihelion  A.  The  sim  s,  because 
of  its  vast  distance  &om  the  system  a,  would  appear  to  the  in- 
habitants of  the  planets  of  the  system  a  much  smaller  than  their 
proper  sun ;  but,  on  the  other  hand,  this  effect  of  distance  would 
be  to  a  certain  extent  compensated  by  its  greatiy  superior  magni- 
tude ;  for  analogy  justifies  the  inference  that  the  sun  s  is  greater 
than  the  sun  A  in  a  proportion  equal  to  that  of  the  magnitude  of 
our  Sim  to  one  of  the  planets.  The  inhabitants  of  the  planets  of 
the  system  a  will  then  behold  the  spectacle  of  two  sum  in  their 
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firmament  The  annual  motion  of  one  of  these  aniw  irill  be  de- 
termined by  the  motion  of  the  planet  itself  in  its  orbit,  but  that  of 
the  other  and  more  distant 
sun  will  be  determined  bf 
the  period  of  the  leaser  aim 
I  around  tiie  greater  in  the 
I  orbit  A  B  D  c.  The  rotation 
I  of  the  planets  on  theif  biu 
I  will  produce  two  days  d 
I  equal  length,  but  not  corn- 
icing or  ending  nmults- 
I  neously.  There  will  be  in 
I  general  two  mmtriaet  and  twn 
eta!  When  a  planet  ii 
I  situate  in  the  part  of  Va 
I  orbit  between  the  two  fluoBr 
I  there  will  be  no  night.  Tha 
suns  will  then  be  placed 
I  ezactlj  as  our  sun  and  moon 
e  placed  when  the  moca  a 
I  &1I.  "When  the  one  sun  sets, 
I  the  other  will  rise'j  and  when 
I  one  rises,  the  other  will 
.  There  will  be,  therefore, 
I  continual  day.  On  the  other 
I  hand^  when  a  plAUst  is  at  such 
a  part  of  its  orbit  that  both 
suns  lie  in  nearly  the  same 
direction  as  seen  from  it, 
_  both  Buna  will  rifle  and  both 

will  set  together.  There  will 
then  be  the  ordinary  alternation  of  day  and  night  as  on  the  earth, 
but  the  day  will  have  more  than  the  usual  ^endour,  being  en- 
lightened hy  two  Buna. 

In  all  intenuediate  seasons  the  two  suns  will  rise  and  set  at 
different  times.  During  a  part  of  the  day  both  will  be  seen  at 
once  in  the  heavens,  occupying  different  places,  and  reaching  the 
meridian  at  different  times.  Theie  will  be  tam  noont.  In  the 
morning  for  some  time,  more  or  leas,  according  to  the  season  of  the 
year,  one  sun  only  will  be  E^pareut,  and  in  like  maimer,  in  the 
evening,  the  sun  which  first  rose  will  be  the  first  to  set,  leaving  the 
dominion  of  the  heavens  to  its  splendid  companion. 

The  diurnal  and  annual  phenomena  incidental  to  the  planets 
attending  the  central  sun  s  will  not  be  materially  difleren^  except 
that  to  them  the  two  suns  will  have  extremely  diSeient  magni- 
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tudes;  and  will  afford  proportionally  different  degrees  of  light 
The  lesser  sun  will  appear  much  smaller,  both  on  account  of  its 
really  inferior  magnitude  and  its  vastly  greater  distance.  The  two 
days,  therefore,  when  they  occur,  will  be  of  very  different  splendour, 
one  being  probably  as  much  blighter  than  the  other  as  the  light  of 
noonday  is  to  that  of  full  moonlight^  or  to  that  of  the  moming  or 
evening  twilight. 

But  these  singular  vicissitudes  of  light  will  become  still  more 
striking  when  the  two  suns  diffuse  light  of  different  colours.  Let 
us  examine  the  very  conmion  case  of  the  combination  of  a  crimson 
with  a  bltie  sun.  In  genei*al,  they  will  rise  at  different  times. 
When  the  blue  rises,  it  will  for  a  time  presida  alone  in  the  heavens, 
diffusing  a  blue  moming.  Its  crimson  companion,  however,  soon 
appearing,  the  lights  of  both  being  blended,  a  white  day  will  fol- 
low. As  evening  approaches,  and  the  two  orbs  descend  toward 
the  western  horizon,  the  Jblue  sun  will  first  set,  leaving  the  crimson 
one  alone  in  the  heavens.  Thus  a  ruddy  evening  closes  this  curious 
succession  of  varying  lights.  As  the  year  rolls  on,  these  changes 
will  be  varied  in  every  conceivable  manner.  At  those  seasons 
when  the  suns  are  on  opposite  sides  of  a  planet,  crimson  and  blue 
days  will  alternate,  without  any  intervening  night;  and  at  the 
intermediate  epochs  all  the  various  intervals  of  rising  and  setting 
of  the  two  suns  will  be  exhibited. 

707.  Magmitades  of  tlie  stellar  orbits.  —  It  is  evident  that 
in  any  case  in  which  the  parallax  of  a  binary  star,  and  conse- 
quently its  distance  from  our  system,  has  been  or  may  be  discovered, 
the  magnitude  of  the  orbit  of  one  described  round  the  other,  can 
be  determined  with  a  precision  and  certainty  proportional  to  those 
with  which  the  parallax  is  known.  For,  in  that  case,  the  linear 
value  of  i''  at  the  star  will  be  found  by  dividing  the  earth's  dis- 
tance from  the  sun  by  the  parallax  expressed  in  seconds. 

The  binary  stars  61  Ci/ffni  and  a  Centauri  supply  examples  of 
the  application  of  this  principle.  The  parallax  of  these  stars  has 
been  ascertained  (171).  That  of  61  Cygni  is  0*348,  and  the 
semi-axis  of  the  elliptic  orbit  of  one  star  round  the  other  is  1 5'''5. 
The  semidiameter  of  the  earth's  orbit  being  D,  therefore,  the  linear 

value  of  V^  at  the  star  is ;. ,  and  the  semi-axis  a  of  the  stellar 

o;348 

orbit  is 

a=DX    i£5-- =44-54  D. 
0348      ^  ^^ 

It  appears,  therefore,  that  the  semi-axis  of  the  orbit  is  greater  than 
that  of  Neptune's  orbit  in  the  ratio  of  3  to  2. 
The  angle  subtended  by  the  semi-axii^  of  the  elliptic  orbit 
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of  a  Centauri  is  not  so  certainly  known,  but  is  taken  to  be 
about  12^^  The  parallax  of  this  star  being  0^^*919^  we  should 
then  have 

0=D  X  ~i^=  13-06  D. 
0-919 

The  semi-axis  of  the  stellar  orbit  would;  therefore^  be  about  one- 
half  greater  than  the  orbit  of  Saturn. 


IT.   PBOFEB  HOTIOK  OF  THE  STABS. 

708.  Tbe  stars  not  absolutely  flzed.  —  In  common  parlance 
the  stars  are  said  to  hejixed.  They  have  received  this  epithet  to 
distinguish  them  from  the  planets,  the  sun,  and  the  moon^  all  d 
which  constantly  undergo  changes  of  apparent  position  on  the 
surfiEUie  of  the  heavens.  The  stars,  on  the  contrary^  so  far  as  the 
powers  of  the  eye  unaided  by  art  can  discover,  never  change  lieir 
relative  position  in  the  firmament,  which  seems  to  be  cairi^  round 
us  by  the  diurnal  motion  of  the  sphere,  just  as  if  the  stars  were 
attached  to  it,  and  merely  shared  in  its  apparent  motion. 

But  the  stars,  though  subject  to  no  motion  perceptible  to  tiie 
naked  eye,  are  not  absolutely  fixed.  When  the  place  of  a  star  on 
the  heavens  is  exactly  observed  by  means  of  good  astronomical 
instruments,  it  is  found  to  be  subject  to  a  change  from  month  to 
month  and  from  year  to  year,  small  indeed^  but  still  easilj 
observed  and  certainly  ascertained. 

709.  Tlie  sun  not  a  fixed  centre.  —  It  has  been  demonstrated 
by  Laplace,  that  a  system  of  bodies,  such  as  the  solar  system, 
placed  in  space  and  submitted  to  no  other  continued  force  except 
the  reciprocal  attractions  of  the  bodies  which  compose  it>  must 
either  have  its  common  centre  of  gravity  stationaiy  or  in  a  state 
of  imiform  rectilinear  motion. 

710.  Bffeet  of  tlie  sun's  supposed  motion  on  tbe  apparent 
places  of  tbe  stars.  —  The  chances  against  the  conditions  which 
would  render  the  sun  stationary,  compared  with  those  which 
would  give  it  a  motion  in  some  direction  with  some  velocity,  are  so 
nimierous  that  we  may  pronounce  it  to  be  morally  certain  that  our 
system  is  in  motion  in  some  determinate  direction  through  the 
universe.  Now,  if  we  suppose  the  sun  attended  by  the  planets 
to  be  thus  moved  through  space  in  any  direction,  an  observer 
placed  on  the  earth  would  see  the  efiects  of  such  a  motion,  as  a 
spectator  in  a  steamboat  moving  on  a  river  would  perceive  his 
progressive  motion  on  the  stream  by  an  apparent  motion  of  the 
banks  in  a  contrary  direction.  The  observer  on  the  earth  would, 
therefore,  detect  such  a  motion  of  the  solar  system  through  space 
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hj  t}ie  apparent  motdoD  in  the  oootni^  ditectioa  with  whict  the 

'   etara  would  be  affected. 

■  Such  a  motjon  of  the  Bolai  system  would  affect  different  stars 
difiei^ntlf.  All  would,  it  is  true,  appear  to  be  affected  by  a 
contrsfy  motion,  but  all  would  not  be  equally  affected.  The 
nearest  would  appear  to  have  the  most  perceptible  meld<ai,  the 

I  more  remote  would  be  a&cted  in  a  less  degree,  and  some  might, 
&)m  their  extreme  diatance,  be  so  slightly  affected  as  not  to  exhibit 
any  apparent  change  of  place,  ereo  wh^  examined  with  the  most 
delicate  inatruments.  To  whatever  degree  each  star  might  be 
affected,  all  the  changes  of  poBitdm  would,  however,  apparently 
take  place  in  the  same  diiectioo. 

The  apparent  effects  would  also  be  exhibited  in  another  manner. 
The  BtSTs  in  that  region  of  the  umverse  toward  which  the  motion 
of  the  system  is  directed,  would  appear  to  recede  from  each  other. 
The  spaces  which  separate  them  would  seem  to  be  gradually  aug- 
menled,  while,  on  the  contrary,  the  stars  in  the  opposite  quarter 
would  seem  to  be  crowded  more  closely  together,  the  distances 
between  star  and  star  being  gradually  diminished.  This  will  be 
more  clearly  comprehended  hj  Jig.  101. 

Let  the  line  s  s*  represent  the  direction  of  the  motion  of  the 
sysfeu),  and  let  a  and  S'  represent  its  positions  at  any  two  epochs. 


At  s,  the  stars  ABC  would  be  separated  by  intervals  measured  by 
the  angles  abb,  and  b  8  c,  while  at  s'  they  would  appear  separated 
by  the  lesser  angles  a  b'  b,  and  B  S'  C.  Seen  from  s',  the  stars  ABO 
would  seem  to  be  closer  tt^ther  than  they  were  when  seen  from 
e.  For  like  reasons  the  stars  ah  c,  towards  which  the  system  is 
here  supposed  to  move,  would  seem  to  be  closer  togedier  when  seen 
from  a,  than  when  seen  from  s'.  Thus,  in  the  quarter  of  the 
heavens  towards  which  the  system  is  moving,  the  stars  might  be 
expected  to  separate  gradually,  while  in  the  opposite  quarter  they 
would  become  more  condensed.  In  all  the  intermediate  parts  of 
the  heavens  they  would  he  affected  by  a  motion  contrary  to  that  ot 
the  solar  system.  Such  in  general  would  be  the  effects  of  a  pro- 
greasive  motion  of  our  system. 
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711.  Motion  of  tlie  Min  Inferred  from  tbe  proper  motUm 
of  tbe  stars.  — Although  no  general  effect  of  this  kind  has  been 
manifested  in  any  conspicuous  manner  among  the  fixed  stars^  many 
of  these  objects  have  been  found;  in  long  periods  of  time,  to  hsTe 
shifted  their  position  in  a  yerj  sensible  degree.  Thus^  for  example, 
the  three  stars^  Sirius^  Arcturus^  and  Aldebaran^  have  undeigooe; 
since  the  time  of  E^pparchus  (130  B.  c);  a  change  of  positioD 
southwards,  amounting  to  considerably  more  than  lialf  a  degiee 
The  double  star  6 1  Cygni  has,  in  half  a  century,  moved  through 
nearly  4^*5,  the  two  stars  composing  it  being  carried  along  in  parallel 
lines  with  conunon  velocity.  The  stars  £  Indi  and  im,  Cassiopdft 
move  at  the  rate  of  7''74  and  3 "74  annually. 

Various  attempts  have  been  made  to  render  these  and  other  lib 
changes  of  apparent  position  of  the  fixed  stars  compatible  witi 
some  assumed  motion  of  the  sun.  Sir  W.  Herschel;  in  1783, 
reasoning  upon  the  proper  motions  which  had  then  been  obsenred, 
arrived  at  the  conclusion;  that  such  appearances  might  be  explained 
by  supposing  that  the  sun  has  a  motion  directed  to  a  point  near 
the  star  X  Herculis.  About  the  same  time,  M.  Prevost  came  to  alike 
conclusion;  assigning;  however;  the  direction  of  the  supposed 
motion  to  a  point  differing  by  27°  from  that  indicated  by  Sir  W. 
Herschel. 

Since  that  epoch  the  proper  motions  of  the  stars  have  been  mm 
extensively  and  accurately  observed;  and  calculationa  of  the  motioD 
of  the  sun  which  they  indicate,  have  been  made  by  sevenl  astit)- 
nomers.  The  following  points  have  been  assigned  as  tiie  direction 
of  the  solar  motion  in  1790 : — 

260'  M'  63**  43'  Sir  W.  HemelieL 

256   25  51    23  Argelander, 

255    10  51    26  Ditto. 

261    II  59     2  Ditto. 

252   53  75   34  Luhndahl. 

261    22  62   24  Otto  Struve. 

261    29  65    16  Airy. 

The  first  estimate  of  Argelander  was  made  from  the  proper  motions 
of  21  starS;  each  of  which  has  an  annual  motion  greater  than  i'^ 
the  second  from  50  stars  having  annual  proper  motions  between  i" 
and  o'^*5;  and  the  third  from  those  of  319  stars  having  motions 
between  o'^'^  and  o'^'i.  The  estimate  of  M.  Luhndahl  is  based  on 
the  motions  of  147  starS;  that  of  M.  Struve  on  392  staiS;  and  that 
of  Mr.  Airy  on  1 1 3  stars. 

The  mean  of  all  these  estimates  is  a  point  whose  right  ascenrion 
is  258°  26^;  and  north  polar  distance  61°  15^,  which  it  will  be 
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seen  differs  very  little  from  the  point  originally  assigned  by  Sir  W. 
Ilerschel. 

The  preceding  calculations  being  based  generally  on  observa- 
tions of  stars  in  the  northern  hemisphere^  it  was  obviously 
desirable  that  similar  estimates  should  be  made  from  the  ob- 
served proper  motions  of  southern  stars.  Mr.  Galloway  under- 
took and  executed  these  calculations;  and  found  that  the 
southern  stars  ^ave  the  direction  of  the  solar  motion  for  1 79O;  to  be 
towards  a  point  whose  right  ascension  is  ido''  1%  and  north  polar 
distance  55°  37'. 

No  doubt,  therefore;  can  remain  that  the  proper  motion  of  the 
stars  is  produced  by  a  real  motion  of  the  solar  system^  and  that 
the  direction  of  this  motion  in  1 790  was  towards  a  point  of  space 
which;  seen  from  the  then  position  of  the  system,  had  the  right  as- 
cension of  about  260°;  and  the  north  polar  distance  of  about  6o^ 

712.  Velocity  of  tbe  solar  motton. — It  follows  from  these 
calculations;  that  the  average  displacement  of  the  stars  requires 
that  the  motion  of  the  sun  should  be  such  as  that  if  its  direction 
were  at  right  angles  to  a  visual  ray,  drawn  from  a  star  of  the  first 
magnitude  of  average  distance;  its  apparent  annual  motion  would 
be  o'^ *  3  3  9  2 ;  and  taking  the  average  parallax  of  such  a  star  at  0^^*209; 
it  follows;  therefore;  that  the  annual  motion  of  the  sun  would  be 
1 54,2OO;OO0  mileS;  a  velocity  equal  to  something  more  than  the 
fourth  of  the  earth's  orbital  motion. 

713.  Tbe  probable  oentre  of  solar  motton. — The  motion  of 
the  suu;  which  has  been  computed  in  what  precedes;  is  that  which 
it  had  at  a  particular  epoch.  No  account  is  taken  of  the  possible  or 
probable  changes  of  direction  of  such  motion.  To  suppose  that  the 
solai'  system  should  move  continuously  in  one  and  the  same  direction; 
would  be  equivalent  to  the  supposition  that  no  body  or  collection 
of  bodies  in  the  universe  would  exercise  any  attraction  upon  it. 
It  is  obviously  more  consistent  with  probability  and  analogy;  that 
the  motion  of  the  system  is  orbital,  that  is  to  say;  that  it  revolves 
round  some  remote  centre  of  attraction,  and  that  the  direction  of 
its  motion  must  continually  change;  although  such  change; 
owing  to*  the  great  magnitude  of  its  orbit;  and  the  relative  slow- 
ness of  its  motion;  be  so  very  slow  as  to  be  quite  imperceptible 
within  even  the  longest  interval  over  which  astronomical  records 
extend. 

Attempts  have;  nevertheless;  been  made  to  determine  the 
centre  of  the  solar  motion ;  and  Dr.  Madler  has  thi-own  out  a  sur- 
mise that  it  lies  at  a  point  in  or  near  the  small  constellation  of  ihe 
Pleiades. 

This  and  like  speculations  must;  however;  be  regarded  as  con- 
jectural for  the  present. 

£  B 
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CHAPTER  XXI. 

THE  FORM  AND  DIHEN8IOKS  OP  THB  MASS  OP  STARS  WBIGH  COMFOfiE 

THE  VISIBLE  FIRMAMENT. 

714.  Distribntloii  of  stars  on  tlie  flrmament.  —  The  aspect 
of  the  firmament  might,  at  first;  impress  the  mind  df  an  ohsmer 
with  the  idea  that  the  numerous  stars  scattered  over  it  an 
destitute  of  any  law  or  regularity  of  arrangement^  and  that  Mi 
distribution  is  like  the  fortuitous  position  which  objects  casually 
flung  upon  such  a  surface  might  be  imagined  to  aasume.  I^ 
however,  the  different  regions  of  the  heavens  be  more  carefnBy 
examined  and  compared,  this  first  impression  will  be  corrected, 
and  it  will,  on  the  contrary,  be  found  that  the  distribution  of  the 
.stars  over  the  surface  of  the  celestial  sphere  follows  a  distinct  and 
well-defined  law;  that  their  density,  or  the  number  of  ^m 
which  is  found  in  a  given  space  of  the  heavens,  varies  regxdarly,  in- 
creasing continually  in  certain  directions,  and  decreasing*  in  others. 

Sir  W.  Herschel  submitted  the  heavens,  or  at  least  that  part  of 
them  which  is  observable  in  these  latitudes,  to  a  rigorous  telescopic 
survey,  counting  the  number  of  individual  stars  visible  in  the 
field  of  view  of  a  telescope  of  given  aperture,  focal  length,  and 
magnifying  power,  when  direct^  to  difierent  parts  of  the  firma- 
ment. The  result  of  this  survey  proved  that,  around  two  points  of 
the  celestial  sphere  diametrically  opposed  to  each  other,  the  stais 
are  more  thinly  scattered  than  elsewhere;  that  departing  from 
these  points  in  any  direction,  the  number  of  stars  included  in  the 
field  of  view  of  the  same  telescope  increases  first  slowly,  but  at 
greater  distances  more  rapidly ;  that  this  increase  continues  until 
the  telescope  receives  a  direction  at  right  angles  to  the  diameter 
which  joins  the  two  opposite  points  where  the  distribution  is 
the  least  in  number ;  and  that  in  this  direction  the  stars  are  so 
closely  crowded  together  that  it  becomes,  in  some  eases,  imprac- 
ticable to  count  them. 

715.  Oalaotio  oirole  and  poles.  — The  two  opposite  points  of 
the  celestial  sphere,  aroimd  which  the  stai-s  are  observed  to  be 
more  thinly  scattered  than  in  other  directions,  have  been  called 
the  GALAcnc  poles  ;  and  the  great  circle  at  right  angles  to  the 
diameter  joining  these  points,  has  been  denominated  the  galactic 

CIRCLE. 

This  circle  intersects  the  celestial  equator  at  two  points, 
situate  1 0°  east  of  the  equinoxial  points,  and  is  iadined  to  the 
equator  at  an  angle  of  63°,  and  tiierefore  to  the  ecliptic  at  an 
angle  of  40^ 
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In  referring  to  and  explaining  the  distribution  of  the  stars  over 
the  celestial  sphere,  it  will  be  convenient  to  refer  them  to  this 
circle  and  its  poles,  as,  for  other  purposes,  they  have  been  referred 
to  the  equator  and  its  poles.  We  shall,  therefore,  express  the 
distance  of  different  points  of  the  firmament  from  the  galactic 
circle,  in  either  hemisphere,  by  the  terms  north  or  south  qaulctio 

LATirUDE. 

716.  Variatloii  of  tlie  stellar  density  in  relatton  to  tiiis 
oirele.  —  The  elaborate  series  of  stellar  observations  in  the 
northern  hemisphere  made  during  a  great  part  of  his  life  by  Sir 
W.  Herschel,  and  subsequently  extended  and  continued  in  the 
southern  hemisphere  by  Sir  J.  Herschel,  has  supplied  data  by 
which  the  law  of  the  distribution  of  the  stars,  according  to  their 
galactic  latitude,  has  been  ascertained  at  least  with  a  near  approxi- 
mation. 

The  great  celestial  survey  executed  by  these  eminent  observers 
was  conducted  upon  the  principle  explained  above.  The  telescope 
used  for  the  purpose  had  1 8  inches  aperture,  20  feet  focal  lengtii, 
and  a  magnifying  power  of  1 80.  It  was  directed  indiscriminately 
to  every  point  of  the  celestial  sphere  visible  in  the  latitude  of  the 
places  of  observation. 

It  was  by  means  of  a  vast  number  of  distinct  observations  thus 
made,  that  the  position  of  the  galactic  poles  was  ascertained.  The 
density  of  the  stars,  measured  by  the  number  included  in  each 
'^  gauge  '^  (as  the  field  of  yiew  was  called),  was  nearly  the  same 
for  the  same  galactic  latitude,  and  increased  in  proceeding  from 
the  galactic  pole,  very  slowly  at  first,  but  with  great  rapidity  when 
the  galactic  latitude  was  much  diminished. 

717.  Strnve**  analysis  of  Bersobel's  observations.  —  An 
analysis  of  the  observations  of  Sir  W.  Herschel,  in  the  northern 
hemisphere,  was  made  by  Professor  Struve,  with  the  view  of 
determining  the  mean  density  of  the  stars  in  successive  zones  of 
galactic  latitude ;  and  a  like  analysis  has  been  made  of  the  obser- 
vations of  Sir  J.  Herschel,  in  the  southern  hemisphere. 

If  we  imagine  the  celestial  sphere  resolved  into  a  succession  of 
zones,  each  measuring  1 5°  in  breadth,  and  bounded  by  parallels  to 
the  galactic  circle,  the  average  nimiber  of  stars  included  within 
a  circle  whose  diameter  is  1 5',  and  whose  magnitude,  therefore, 
would  be  about  the  fourth  part  of  that  of  the  disk  of  the  sun  or 
moon,  will  be  that  which  is  given  in  the  second  colunm  of  the 
following  Table. 
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It  appears,  therefore^  that  the  yariation  of  the  density  of  titf 
visible  stars  in  proceeding  from  the  galactic  plane^  either  nortJior 
south;  is  subject  almost  exactly  to  the  same  law  of  decrease,  tiie 
density,  however,  at  each  latitude  being  somewliat  greater  in  the 
southern  than  in  the  northern  hemisphere. 

718.  Tbe  milky  way. — The  regions  of  the  heavens,  wludi 
extend  to  a  certain  distance  on  one  side  and  the  other  of  the  gaLacti£ 
plane,  are  generally  so  densely  covered  with  small  stars^  as  to 
present  to  the  naked  eye  the  appearance,  not  of  stars  crowded 
together,  but  of  whitish  nebulous  Ught.  Tliis  appearance  extends 
over  a  vast  extent  of  the  celestial  sphere,  deviating  in  some  places 
from  the  exact  direction  of  the  galactic  circle,  bifurcating  and 
diverging  into  two  branches  at  a  certain  point  which  afterwaids 
reunite,  and  at  other  places  throwing  out  off-shoots.  This  appear- 
ance was  denominated  the  Via  Zactea,  or  the  galaxy  *,  by  the 
ancients,  and  it  has  retained  that  name. 

The  course  of  the  milky  way  may  be  so  much  more  easily  and 
clearly  followed  by  means  of  a  map  of  the  stars,  or  a  celestial 
globe,  upon  which  it  is  delineated,  that  it  will  be  needless  here  to 
describe  it. 

719.  It  oonsists  of  Innnmerable  stars  crowded  tocetber. 
—  When  this  nebulous  whiteness  is  submitted  to  telescopic  exami- 
nation with  instruments  of  adequate  power,  it  proves  to  be  a  mass 
of  coimtless  numbers  of  stars,  so  small  as  to  be  individually  undis- 
tinguishable,  and  so  crowded  together  as  to  give  to  the  place  they 
occupy  the  whitish  appearance  from  which  the  milky  way  takes 
its  name. 

Some  idea  may  be  formed  of  the  enormous  niunber  of  stars  which 
are  crowded  together  in  those  parts  of  the  heavens,  by  the  actual 

♦  From  the  Greek  word,  yd\a,  yd\cucTos,  milk. 
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numbers  so  distinctly  visible  as  to  admit  of  being  counted  or 
estimated,  wMch  are  stated  by  Sir  W.  Herschel  to  have  been  seen 
in  spaces  of  given  extent.  He  states,  for  example,  that  in  those 
parts  of  the  milky  way  in  which  the  stars  were  most  thinly 
scattered,  he  sometimes  saw  eighty  stars  in  each  field.  In  an  hour, 
fifteen  degrees  of  the  firmament  were  carried  before  his  telescope^ 
showing  successively  sixty  distinct  fields.*  Allowing  eighty  stars 
for  each  of  these  fields,  there  were  thus  exhibited,  in  a  single  hour, 
without  moving  the  telescope,  four  thousand  eight  hundred  distinct 
stars!  But  by  moving  the  instrument  at  the  same  time  in  the 
vertical  direction,  he  found  that  in  a  space  of  the  firmament  not 
more  than  fifteen  degrees  long  by  four  broad,  he  saw  fifty  thousand 
stars,  large  enough  to  be  individually  visible  and  distinctly  counted ! 
The  surprising  character  of  this  result  will  be  more  adequately 
appreciated,  if  it  be  remembered  that  this  nimiber  of  stars  thus  seen 
in  the  space  of  the  heavens  not  more  than  thirty  diameters  of  the 
moon^s  disk  in  length  and  eight  in  breadth,  is  fi%  times  greater 
than  all  the  stars  taken  together  which  the  naked  eye  can  perceive 
at  any  one  time  in  the  heavens,  on  the  most  serene  and  unclouded 
night! 

On  presenting  the  telescope  to  the  richer  portion  of  the  via  lactea, 
Herschel  found,  as  might  be  expected,  much  greater  numbers  of 
stars.  In  a  single  field  he  was  able  to  count  588  stars;  and  for 
fifteen  minutes,  the  firmament  being  moved  before  his  telescope 
by  the  diurnal  motion,  no  diminution  of  nimiber  was  apparent,  so 
that  he  estimated  that  in  that  space  of  time  1 16,000  stars  must 
have  passed  in  review  before  him ;  the  nimiber  seen  at  any  one  time 
being  greater  than  can  be  seen  by  the  naked  eye,  on  the  entire 
firmament,  except  on  the  clearest  nights. 

720.  Tbe  probable  form  of  tbe  stratum  of  stars  in  wbiob 
tbe  sun  is  placed. — It  may  be  considered  as  established  by  a 
body  of  analogical  evidence,  having  all  the  force  of  demonstration, 
that  the  fixed  stars  are  self-luminous  bodies,  similar  to  our  sun ; 
and  that  although  they  may  difier  more  or  less  from  our  sun  and  from 
each  other  in  magnitude  and  intrinsic  lustre,  they  have  a  certain 
average  magnitude ;  and  that  therefore,  in  the  main,  the  great  dif- 
ference which  is  apparent  in  their  brightness  is  to  be  ascribed  to 
difference  of  distance.  Assuming,  then,  that  they  are  separated 
from  each  other  by  distances  analogous  to  their  distances  from  the 
sun,  itself  a  star,  the  general  phenomena  which  have  been  described 
above,  involving  the  rapid  increase  of  stellar  density  in  approaching 
the  galactic  plane,  combined  with  the  observed  form  of  the  milky 
way,  which,  following  the  galactic  plane  in  its  general  course  departs 
nevertheless  from  it  at  some  points,  bifurcates,  resolving  itself  into 
two  diverging  branches  at  others,  and  at  others  thia^i%  wsi^Kstw^SSssct 


422 


ASTRONOMY. 


off-shoots,  conducted  Sir  W.  Herschel  to  the  concluflion;  that  the 
stars  of  our  firmament,  including  those  which  the  telescope  renden 
visible,  as  well  as  those  visible  to  the  naked  eje^  instead  of  being 
scatteied  indifferently  in  all  directions  around  the  solar  system 
through  the  depths  of  the  imiverse,  form  a  stratum  of  definite  km. 
and  dimensions,  of  which  the  thickness  bears  a  very  small  propor- 
tion to  the  length  and  breadth,  and  that  the  sun  and  solar  system 
ii  placed  within  this  stratum,  very  near  its  point  of  bifiircatiofl, 
relatively  to  its  breadth  near  its  middle  pointy  and  relatively  to  its 
thickness  (as  would  appear  from  the  more  recent  observations) 
nearer  to  its  northern  than  to  its  southern  surface. 

Let  A  c  H  r,^.  1 02,  represent  a  rough  outline  of  a  section  of  such 
a  stratum,  made  by  a  plane  passing  through  or  near  its  centre.  Let 


Fig.  i(». 

A  B  represent  the  intersection  of  this  with  the  plane  of  the  gal^tic 
circle,  so  that,  z  being  the  place  of  the  solar  system,  z  c  will  be  the 
direction  of  the  north,  and  z  D  that  of  the  south  galactic  pole.  Let 
z  H  represent  the  two  branches  which  bifurcate  from  the  chief 
stratum,  at  B.  Now,  if  we  imagine  visual  lines  to  be  drawn  from  z 
in  all  directions,  it  will  be  apparent  that  those  z  c  and  z  d^  which 
are  directed  to  the  galactic  poles,  pass  through  a  thinner  bed  of 
stars  than  any  of  the  others;  and  since  z  is  supposed  to  be  nearer  to 
the  northern  than  to  the  southern  side  of  the  stratum,  z  c  will  pass 
through  a  less  thickness  of  stars  than  z  D.  As  the  visual  lines  are 
inclined  at  greater  and  greater  angles  to  z  A,  their  length  rapidly 
decreases,  as  is  evident  by  comparing  z  A,  z  E,  and  z  r,  which  ex- 
plains the  fact  that  while  the  stars  are  as  thick  as  powder  in  the 
direction  z  a,  they  become  less  so  in  the  direction  z  E,  and  still  less 
in  the  direction  z  F,  until  at  the  poles  in  the  directions  z  c  and  z  D, 
they  become  least  dense. 

On  the  other  side,  z  B  being  less  than  z  A,  a  part  of  the  galactic 
circle  is  found  at  which  the  stars  are  more  thinly  scattered; 
but  in  two  directions,  z  H  intermediate  between  z  B  and  the  ga- 
lactic poles;  they  a^ain  become  tl^^Vj  %&dfi!ti%^«AYDLthQ  direction  e  a. 
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This  illustration  must,  however;  be  taken  in  a  very  general  sense. 
No  attempt  is  made  to  represent  the  various  off-shoots  and  varia- 
tions  of  length;  breadth;  and  depth  of  the  stratum  measured  from 
the  position  of  the  solar  system  within  it;  which  have  been  indicated 
by  the  telescopic  soundings  of  Sir  W.  Herschel  and  his  illustrious 
SOU;  whose  wondroul  labours  have  effected  what  promises  in  timO; 
by  the  persevering  researches  of  their  successors;  to  become  a  com- 
plete analysis  of  this  most  marvellous  mass  of  systems.  Meanwhile 
it  may  be  considered  as  demonstrated  that  it  consists  of  myriads  of 
stars  clustered  together : 

''A  broad  and  ample  road,  whose  dust  is  gold. 
And  pavement  stars,  as  stars  to  ns  appear. 
Seen  in  the  galaxy,  that  Milky  Way, 
like  to  a  circling  zone  powdered  with  stars." — Miltoit. 

The  appearance  which  this  mass  of  stars  would  present  if  viewed 
from  a  position  directly  above  its  general  plane;  and  at  a  sufficient 
distance  to  allow  its  entire  outline  to  be  discerned;  was  represented 
by  Sir  William  Herschel  as  resembling  the  starry  stratum  sketched 
in  Plate  XXTX. 

He  considered  that  it  was  probable  that  the  thickness  of  this  bed 
of  stars  was  equal  to  about  eighty  times  the  distance  of  the  nearest 
of  the  fixed  stars  from  our  system ;  and  supposing  our  sun  to  be 
near  the  middle  of  this  thickness,  it  would  follow  that  the  stars  on 
its  surface  in  a  direction  perpendicular  to  its  general  plane  would 
be  at  the  fortieth  order  of  distance  from  us.  The  stars  placed  in 
the  more  remote  edges  of  its  length  and  breadth  he  estimated  to  be 
in  some  places  at  the  nine-hundredth  order  of  distance  from  us,  so 
that  its  extreme  length  may  be  said  to  be  in  round  numbers  about 
2000  times  the  distance  of  the  nearest  fixed  stars  from  our  system. 
Such  a  space  light  would  take  20,000  years  to  move  over,  moving 
all  that  time  at  the  rate  of  nearly  200,000  miles  between  every  two 
ticks  of  a  conmion  clock ! 


CHAPTER  XXTL 

STELLAR  CLUSTERS  AND  NEBVL.fi. 


721.  Tbe  stars  wbiob  form  tbe  flrmament  a  stellar  cluster. 
— Analogry  sugrgrests  tbe  probable  existence  of  otbers. — It 

appears,  then,  that  our  sun  is  an  individual  star,  forming  only  a 
single  unit  in  a  cluster  or  mass  of  many  millions  of  other  simUar 
stars  J  that  this  cluster  has  limited  dimensions,  has  ascertainable. 
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length;  breadth,  and  thickness^  and  in  shorty  forms  what  may  Ik 
expressed  by  a  universe  of  solar  systems.  The  mind^  still  unsatid* 
fied;  is  as  urgent  as  before  in  its  questions  regarding  the  renuMs 
of  immensity!  However  vast  the  dimensions  of  this  mass  of  soiis 
be,  they  are  nevertheless  finite.  However  stupendous  be  the  space 
included  within  them,  it  is  still  nothing  compared  to  the  immenatr 
which  lies  outside  I  Is  that  inmiensity  a  vast  solitude  P  Are  ht 
unexplored  realms  dark  and  silent  P  Has  Omnipotence  dream* 
scribed  its  agency,  and  has  Infinite  Beneficence  left  those  imfa- 
thomed  regions  destitute  of  evidence  of  His  power  ? 

That  the  infinitude  of  space  should  exist  without  a  puipoee, 
unoccupied  by  any  works  of  creation,  is  plainly  incompatible  witi 
all  our  notions  of  the  character  and  attributes  of  the  Author  of  tlie 
universe,  whether  derived  from  the  voice  of  revelation  or  firom  the 
light  of  nature.  We  should  therefore  infer,  even  in  the  absence  of 
direct  evidence,  that  some  works  of  creation  are  dispersed  throagli 
those  spaces  which  lie  beyond  the  limits  of  that  vast  stellar  duster 
in  which  our  system  is  placed.  Nay,  we  should  be  led  by  the 
most  obvious  analogies  to  conjecture  that  other  stelUtr  clusters  Vike 
our  own  are  dispersed  through  inunensity,  separated  probably  by 
distances  as  much  greater  than  those  which  intervene  between  star 
and  star,  as  the  latter  are  greater  than  those  which  separate  the 
bodies  of  the  solar  system.  But  if  such  distant  clusters  existed,  it 
may  be  objected,  that  they  must  be  visible  to  us  ;  that  although 
diminished,  perhaps,  to  mere  spots  on  the  firmament,  they  would 
still  be  rendered  apparent,  were  it  only  as  confused  whitish  patches, 
by  the  telescope  ;  that  as  the  stars  of  the  milky  way  assume  to  the 
naked  eye  the  appearance  of  mere  whitish  nebulosity,  so  the  far 
more  distant  stars  of  other  clusters,  which  cannot  be  perceived 
at  all  by  the  naked  eye,  would,  to  telescopes  of  adequate  power, 
present  the  same  whitish  nebulous  appearance ;  and  that  we  might 
look  forward  without  despair  to  such  augmentation  of  the  powers 
of  the  telescope  as  may  even  enable  us  to  perceive  them  to  be  actual 
clusters  of  stars. 

722.  Snob  clusters  of  stars  innmnerable. —  Such  anticipa- 
tions have  accordingly  been  realised.  In  various  parts  of  the 
firmament  objects  are  seen  which,  to  the  naked  eye,  appear  like 
stars  seen  through  a  mist,  and  sometimes  as  nebulous  specks, 
which  might  be,  and  not  unfrequently  are,  mistaken  for  comets. 
With  ordinary  telescopes  these  objects  are  visible  in  very  consider- 
able numbers,  and  were  observed  nearly  a  century  ago.  In  the 
Connaissance  des  Temps,  for  1 784,  M.  Messier,  then  so  celebrated  for 
his  observations  on  comets,  published  a  catalogue  of  103  objects 
of  this  class,  of  many  of  which  he  gave  drawings,  with  which  all 
observers  who  search  for  comets  ought  to  be  familiar,  to  avoid 
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being  misled  by  their  resemblance  to  them.  The  improved  powers 
of  the  telescope  speedily  disclosed  to  astronomers  the  nature  of 
these  objects^  wHch^  when  examined  by  sufficient  magnifying 
powers^  prove  to  be  masses  of  stars  clustered  together  in  a  maimer 
identical  with  that  cluster  in  which  our  sun  is  placed.  They 
appear  as  they  do^  mere  specks  of  whitish  light^  because  of  their 
enormous  distance. 

723.  Blstrlbatloii  of  oliutem  and  nebulee  on  tbe  llrmament. 
— These  objects  are  not  dispersed  fortuitously  and  indifferently  on 
all  parts  of  the  heavens.  They  are  wholly  absent  from  some 
regions,  in  some  rarely  found,  and  crowded  in  amazing  profusion 
in  others.  Their  disposition,  however,  is  not  like  that  of  the  stars 
in  general,  determined  by  a  great  circle  of  the  sphere  and  its  poles. 
It  was  supposed  that  they  showed  a  tendency  to  crowd  towards  a 
zone  at  right  angles  to  the  galactic  circle,  but  a  careful  comparison 
of  their  position  does  not  confirm  this.  According  to  Sirs  W.  and 
J.  Herschel,  the  nebulae  prevail  most  around  the  following  parts  of 
the  celestial  sphere :  — 

I  The  North  Galactic  Pole.  5  Canes  Venatici. 

£  Leo  major.  6  Coma  Berenid. 

3  Leo  minor.  7  Bodies  (precedingly). 

4  Ursa  m^or.  8  Virgo  (head,  wings  and  shoulder). 

The  parts  of  the  heavens,  on  the  other  hand,  where  they  are  found 
in  the  smallest  numbers^  are : — 

I  Aries.  7  Draca 

z  Taurus.  '  8  Hercules. 

3  Orion  (head  and  shoulders).  9  Serpentarius  (northern  part). 

4  Auriga.  10  Serpens  (tail). 

5  Perseus.  11  Aquila  (tail). 

6  Camelopardus.  12  Lyra. 

In  the  southern  hemisphere  their  distribution  is  more  uniform. 

724.  Constitntlon  of  tbe  olnstem  and  nebulee. — ^What  those 
objects  are,  and  of  what  they  severally  consist,  admits  of  no  rea- 
sonable doubt  So  far  as  relates  to  the  stollar  clusters,  their  con- 
stituent parts  are  visible.  They  are,  as  their  name  imports,  masses 
of  stars  collected  together  at  certain  points  in  the  regions  of  space 
which  stretoh  beyond  the  limits  of  our  own  cluster,  and  are  by  dis- 
tance so  reduced  in  their  visual  magnitude  that  an  entire  cluster 
will  appear  to  the  naked  eye,  if  it  be  visible  at  all,  as  a  single  star, 
and  when  seen  with  the  telescope  will  be  included  within  the  limi 
of  a  single  field  of  view. 

Different  clusters  exhibit  their  component  stars  seen  with  the 
same  magnifying  power  more  or  less  distinctly.  This  may  be  ex- 
plained either  by  difference  of  distance,  or  by  the  supposition  that 
they  may  consist  of  stars  of  different  real  magnitudes,  and  crowded 
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more  or  less  closely  together.    Th&  former  supposition  ib,  howevet, 
hj  far  the  more  natural  and  probable. 

The  appearance  of  the  stars  composing  some  of  the  dusters  is 
quite  gorgeous.  Sir  J.  Herschel  says^  that  the  cluster  ^vrhich  siuy 
rounds  k  Orucis  in  the  southern  hemisphere  occupies  the  48th  part 
of  a  square  degree,  or  about  the  tenth  part  of  the  superficial  magni- 
tude of  the  moon's  disk,  and  consists  of  about  110  stars  firom  tiie 
7th  magnitude  downwards,  eight  of  the  more  conspicuous  staa 
being  coloured  with  various  tints  of  red,  green,  and  blue,  so  as  to 
give  to  the  whole  the  appearance  of  a  rich  piece  of  jewellery. 

Cluster  compared  wilji  cluster  show  all  gradations  of  smallnefls 
and  closeness  of  the  component  stars,  until  they  assume  the  ap- 
pearance of  patches  of  starry  powder.  These  yarieties  are  most 
obviously  ascribable  to  varying  distances. 

Then  follow  those  patches  of  starry  light  which  are  seen  in  so 
many  regions  of  the  heavens,  and  which  have  been  denominated 
nebulae.  That  these  are  stiQ  clusters,  of  which  the  component  stan 
are  indistinguishable  by  reason  of  their  remoteness^  there  are 
the  strongest  evidence  and  most  striking  analogies  to  prove. 
Every  augmentation  of  power  and  improvement  of  efficiency  the 
telescope  receives,  augments  the  number  of  nebulae  which  are  con- 
verted by  that  instrument  into  clusters.  Nebula^  which  were  ir- 
resolvable before  the  time  of  Sir  W.  Herschel,  yielded  in  large 
numbers  to  the  powers  of  the  instruments  which  that  obserrer 
brought  to  bear  upon  them.  The  labours  of  Sir  J.  Herschel,  the 
colossal  telescopes  constructed  by  Lord  Hosse,  and  the  erection  of 
observatories  in  multiplied  numbers  in  climates  and  imder  skies 
more  favourable  to  observation,  have  all  tended  to  augment  the 
number  of  nebulae  which  have  been  resolved,  and  it  may  be  'ex- 
pected that  this  progress  will  continue,  the  resolution  of  these 
objects  into  stellar  clusters  being  co-extensive  with  the  improved 
powers  of  the  telescope  and  the  increased,  number  and  zeal  of 
observers. 

72  ^.  xrebnlar  bypotbesls. — A  theory  was  put  forward  to  ex- 
plain these  objects,  based  upon  views  not  in  accordance  with  what 
has  just  been  related.  It  was  assumed  hypothetically  that  the 
nebulous  matter  was  a  sort  of  luminous  fluid  diffiised  through 
different  parts  of  the  universe ;  that  by  its  aggregation  on  certtdn 
laws  of  attraction  solid  luminous  masses  in  process  of  time  were 
produced,  and  that  these  nebulae  grew  into  clusters. 

It  would  not  be  compatible  witL  the  limits  of  this  work,  and  the 
objects  to  which  it  is  directed,  to  pursue  this  speculation  through 
its  consequences,  to  state  the  arguments  by  which  it  is  supported 
and  opposed ;  and  it  is  the  less  uecessaiy  to  do  so,  seeing  that  such 
an  hypotlie&\B  ia  not  needed  to  explain  appearances  which  are  so 
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mncli  more  obviously  and  simply  explicable  by  the  admission  of  a 
gradation  of  distances. 

726.  Forms  apparent  and  real  of  tbe  olnstem. — The  ap- 
parent forms  of  these  objects  are  extremely  various,  and  subject  to 
most  extraordinary  and  imexpected  changes,  according  to  the 
magnifying  power  under  which  they  are  viewed.  This  oughl^ 
however,  to  excite  no  surprise.  The  telescope  is  an  expedient  by 
which  a  well-defined  and  strongly  illuminated  optical  image  of  a 
distant  object  is  formed  so  close  to  the  observer,  that  he  is  enabled 
to  view  it  with  microscopes  of  greater  or  less  power,  according  to 
the  perfection  of  its  definition  and  the  intensity  of  its  illumination. 
Now,  it  is  known  to  all  who  are  familiar  with  the  use  of  the  micro- 
scope, that  the  apparent  form  and  structure  of  an  object  change  in 
^  the  most  remarkable  and  unexpected  way  when  viewed  with 
difierent  micrdscopic  powers.  The  blood,  for  example,  which, 
*'  viewed  with  the  naked  eye,  or  with  low  powers,  is  a  uniformly 
"'  red  fluid,  appears  as  a  pellucid  liquid,  having  small  red  disks 
*^  floating  in  it,  "when  seen  with  higher  powers  (M.  46).  Like  efiects 
"^  are  manifested  in  the  cases  of  the  nebulae,  when  submitted  to 
jj  examination  with  difierent  and  increasing  magnifying  powers,  of 
^  which  we  shall  presently  show  nutny  striking  examples. 
^  The  apparent  forms  of  the  stellar  clusters  are  generally  roundish 
^  or  irregular  patches.  The  stars  which  compose  them  are  always 
'  much  more  densely  crowded  together,  in  going  from  the  edges  of 
'  the  cluster  towards  the  centre,  so  that  at  the  centre  they  exhibit  a 
'      perfect  blaze  of  light. 

The  apparent  form  is  that  of  a  section  of  the  real  form,  made  by 
a  plane  at  right  angles  to  the  visual  ray.  If  the  mass  had  a  motion 
of  rotation,  or  any  other  motion  by  which  it  would  change  this 
plane,  so  as  to  exhibit  to  the  eye  successively  different  sections  of 
it,  its  real  form  could  be  inferred  as  those  of  the  planets  have  been. 
But  there  are  no  discoverable  indications  of  any  such  motion  in 
these  objects.  Their  real  forms,  therefore,  can  only  be  conjectured 
from  comparing  their  apparent  forms  with  their  structural  ap- 
pearance. 

The  clusters  having  round  apparent  forms,  and  of  which  the 
stars  are  rapidly  more  dense  towards  the  centres,  are  inferred  to  be 
either  globular  or  spheroidal  masses  of  stars,  the  greater  apparent 
density  in  passing  from  the  edges  to  the  cenlre  being  explained  by 
the  greater  thickness  of  the  mass  in  the  direction  of  the  visual 
line.  Clusters  of  irregular  outline  which  show  also  a  density  in- 
creasing inwards,  are  also  inferred,  for  like  reasons,  to  be  masses 
of  stars,  whose  dimensions  in  the  direction  of  the  visual  rays  cor- 
respond with  their  dimensions  in  the  direction  at  right  angles  to. 
those  rays. 
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727.  Vorms  apparent  and  real  of  tbe  nebiil8D« — These  ob- 
jects exhibit  fonns  much  more  various  than  those  presented  bytiie 
clusters.  Some  are  circular,  with  more  or  less  precision  of  outline. 
Some  are  elliptical,  the  oval  outline  haying  degrees  of  excentridtjr 
infinitely  various,  from  one  which  scarcely  differs  from  a  cirde,  to 
one  which  is  compressed  into  a  form  not  sensibly  different  from  a 
straight  line.  In  short,  the  minor  axis  of  the  ellipses  bears  all  pro- 
portions to  the  major  axis,  until  it  becomes  a  very  small  fraction  of 
the  latter. 

To  infer  the  real  frt)m  the  apparent  forms  of  these  objects  witii 
any  certainty,  there  are  no  sufficient  data.  But  in  the  cases  in 
which  the  brightness  increases  rapidly  towards  the  centre,  which 
it  very  generally  does,  it  may  be  probably  conjectured  that  their 
forms  are  globular  or  spheroidal,  for  the  reasons  already  explained 
in  relation  to  the  clusters,  and  this  becomes  the  more  probaUe 
when  it  is  considered  that  these  nebulae  are  in  fact  clusters,  the 
stars  of  which  are  reduced  to  a  nebulous  patch  by  distance. 

Nevertheless,  these  nebulae  may  be  strata  of  stars,  of  which  the 
thickness  is  small  compared  with  their  other  dimensions ;  and  sup- 
posing their  real  outline  to  be  circular,  they  will  appear  elliptical 
if  the  plane  of  the  stratum  be  inclined  to  the  visual  line,  and  more 
or  less  excentrically  elliptical,  according  as  the  angle  of  inclina- 
tion is  more  or  less  acute.  In  cases  in  which  the  brightness  does 
not  increase  in  a  striking  degree  from  the  edges  inwards,  this  fonn 
is  more  probable  than  the  globular  or  the  spheroidal. 

Nebulae  may  be  conveniently  classed  according  to  their  apparent 
form  and  structure ;  but  whatever  arrangement  may  be  adopted, 
these  objects  exhibit  such  varieties,  assume  such  capricious  and 
irregular  forms,  and  undergo  such  strange  and  unexpected  changes 
of  appearance  according  to  the  increasing  power  of  the  tele- 
scope with  which  they  are  viewed,  that  it  will  always  be 
found  that  great  numbers  of.  them  will  remain  unavoidably  un- 
classified. 

728.  Boable  nebulee. — ^Like  individual  stars,  nebulae  are  fonnd 
to  be  combined  in  pairs  too  freq[uently  to  be  compatible  with  the 
supposition  that  such  combinations  arise  from  the  fortuitous  results 
of  the  small  obliquity  of  the  visual  rays,  which  causes  mere  optical 
juxtaposition. 

These  double  nebulae  are  generally  circular  in  their  apparent, 
and  therefore  probably  globular  in  their  real  form.  In  some  cases 
they  are  resolvable  clusters. 

That  such  pairs  of  clusters  are  physically  connected  does  not 
admit  of  a  reasonable  doubt,  and  it  is  highly  probable  that,  like 
the  binary  stars,  they  move  round  each  other,  or  round  a  common 
centre  of  attra;c\iv.oii,  aVV^QivjLi^tli!^  ai^i^arent  motion  attending  such 
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revolution  is  rendered  so  slow  by  their  immense  distance  tKat  it 
can  only  be  ascertained  after  tne  lapse  of  ages. 

729.  Planetary  nebulas. —  This  class  of  objects  derive  their 
name  from  their  close  resemblance  to  planetary  disks.  They  are 
in  general  either  circular  or  very  slightly  oval.  In  some  cases  the 
disk  is  sharply  defined,  in  others  it  is  hazy  and  nebulous  at  the 
edges.  In  some  the  disk  shows  a  uniform  surface^  and  in  some  it 
has  an  appearance  which  Sir  J.  Herschel  describes  by  the  term 
curdled. 

There  is  no  reason  to  doubt  that  the  constitution  of  these  objects 
is  the  same  as  that  of  other  nebulae,  and  that  they  are  in  iajct 
clusters  of  stars  which  by  mutual  proximity  and  vast  distance  are 
reduced  to  the  form  of  planetaiy  disks. 

These  objects,  which  are  not  numerous,  present  some  remarkable 
peculiarities  of  appearance  and  colour.  It  has  been  already  ob- 
seiTed  that,  although  the  companion  of  a  red  individual  of  a  double 
star  appears  blue  or  green,  it  is  not  certain  that  this  is  its  real 
colour,  the  optical  effect  of  the  strong  red  of  its  near  neighbour 
being  such  as  would  render  a  white  star  apparently  blue  or  green, 
and  no  example  of  any  single  blue  or  green  star  has  ever  been 
witnessed.  The  planetary  nebulae,  however,  present  some  very 
remarkable  examples  of  these  colours.  Sir  J.  Herschel  indicates  a 
beautiful  instance  of  this,  in  a  planetary  nebula  situate  in  the 
southern  constellation  of  the  Cross.  The  apparent  diameter  is 
1  z'^f  and  the  disk  is  nearly  circular,  with  a  well-defined  outline, 
and  a  "  fine  and  full  blue  colour  verging  somewhat  upon  green.'* 
Several  other  planetary  nebulae  are  of  a  like  colour,  but  more  faint. 

The  magnitudes  of  tiiese  stupendous  masses  of  stars  may  be  con- 
jectured from  their  probable  distances.  One  of  the  largest,  and 
therefore  probably  the  nearest  of  them,  is  situate  near  the  star  /3  Ursae 
majoris  (one  of  the  pointers).  Its  apparent  diameter  is  2'  40". 
Now,  if  this  were  only  at  the  distance  of  61  Cygni,  whose  parallax 
is  known  (171),  it  would  have  a  diameter  equal  to  seven  times 
that  of  the  extreme  limit  of  the  solar  system )  but  as  it  is  certain 
that  its  distance  must  be  many  times  greater,  it  may  be  conceived 
that  its  dimensions  must  be  enormous. 

730.  Annular  nebulee. — A  very  few  of  the  nebulae  have  been 
observed  to  be  annular.  Until  lately  there  were  only  four.  The 
telescopes  of  Lord  Rosse,  have,  however,  added  five  to  the  number, 
by  showing  that  certain  nebulae  formerly  supposed  to  be  small  round 
patches  are  really  annular.  It  is  extremely  probable  that  many 
others  of  the  smaller  class  of  round  nebulae  will  prove  to  be 
annular,  when  submitted  to  further  examination  with  telescopes  of 
adequate  power  and  efficiency. 

731.  Bplral  nebulee. —  The  discovery  of  this  class  of  objects, 
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the  most  extraordinary  and  unexpected  ^which  modem  leseuch 
has  yet  disclosed  in  stellar  astronomy,  is  due  to  Lord  Bosae.  Their 
general  form  and  character  may  be  conceived  by  referring  to  te 
represented  in  Plate  XXXIII.^».  i  and  3,  and  Plate  XXXV.^.  i- 
These  extraordinary  forms  are  so  entirely  removed  from  all  analoev 
with  any  of  the  phenomena  presented  either  in  the  motions  of  tfe 
solar  system^  or  the  comets^  or  those  of  any  other  objects  to  whidi 
observation  has  been  directed,  that  all  conjecture  aa  to  the  ph^ 
condition  of  the  masses  of  stars  which  could  assume  sudi  fbnfi 
would  be  vain.  The  number  of  instances  as  yet  detected  im»iii 
this  form  prevails  is  not  great;  but  it  is  siUScient  topioTeAi: 
the  phenomenon,  whatever  be  its  cause,  is  the  result  of  the  opefr 
tion  of  some  general  law.  It  is  pretty  certain  that  when  the  sar 
powerful  instruments  which  have  rendered  these  formsviaUea 
objects  which  had  already  been  so  long-  under  the  scmtmyof  ii 
most  eminent  observers  of  the  last  hundred  years,  including  Sir^ 
and  Sir  J.  Herschel,  aided  by  the  vast  telescopic  powers  at  tliar 
disposition,  without  raising  even  a  suspicion  of  their  real  fonnu^ 
structure,  have  been  applied  to  other  nebulae,  other  cases  of  i* 
same  phenomenon  will  be  brought  to  light.  In  this  point  of  th* 
it  is  much  to  be  regretted  that  the  telescopes  of  Lord  Rosse  cm^ 
have  the  great  advantage  of  being  used  under  skies  more  &toc- 
able  to  stellar  researches,  since  the  discovery  of  such  forms  as  ^ 
not  only  req[uire8  instruments  of  such  power  as  Lord  Hosse  aloH 
possesses  at  present,  but  also  the  most  favourable  atmosphet 
conditions. 

732.  xrumber  of  nebulae.  —The  number  of  these  objects  is 
countless.  The  catalogues  of  Sir  J.  Herschel  contain  above  40CG 
of  which  the  places  are  assigned,  and  the  magnitudes  forms,  «D^i 
apparent  characters  described.  As  observers  are  multiplied,  ari 
the  telescope  improved,  and  especially  when  the  means  of  ohss- 
vation  have  been  extended  to  places  that  are  more  favourable  for 
such  observations,  it  may  be  expected  that  the  number  obserred 
will  be  indefinitely  augmented. 

733.  Remarkable  nebulae. — Having  noticed  thus  briefly 
the  characters  and  appearances  of  the  principal  classes  of  these 
objects,  it  will  be  useful  to  Hlustrate  these  general  observations  bv 
reference  to  examples  of  nebulaB  and  clusters  of  each  class,  asskm- 
ing  the  position  of  each  by  its  right  ascension  and  north  polar 
distance,  and  supplying,  wherever  it  can  be  done  on  satisfactoir 
authority,  a  telescopic  view  of  such  object.  Li  the  selection  of 
these  examples,  it  will  be  one  of  our  chief  purposes  to  show  the 
extraordinary  differences  of  form  and  structure  which  the  same 
object  presents  when  viewed  with  telescopes  of  different  powers. 
The  drawings  of  the  same  nebulae,  which  have  appeared  in  the 
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PhUosopMcal  Transadiom,  by  Sir  J.  Herschel  and  the  Earl  of 
Hosse^  supply  numerous  and  instructiye  examples  of  this. 

Kate  XXX. ^^.  6.  r  a  15**  30"  37'.  npd  83**  33'.  Diameter, 
^  B  A.  —  Drawn  by  Sir  J.  Herschel,  who  describes  it  as  a  faint 
laige  round  nebula^  which,  by  attentive  examination,  may  be  seen 
to  be  composed  of  excessively  minute  stai's,  appearing  like  points 
nibbed  out.    It  is,  in  fact,  a  globular  cluster. 

Plate  XXXI.  fig.z,  r  a  2i»»  26"  1 3-.  n  p  d  91°  26'.  Dia- 
meter, 6'  B  A. — Drawn  by  Sir  J.  Herschel,  who  describes  it  as  a  most 
superb  cluster  of  stars  of  the  1 5th  magnitude,  compressed  towards 
the  centre  to  a  perfect  blaze.  It  resembles  a  mass  of  fine  lumi- 
nous sand.  It  is  resolvable  with  a  six-inch  aperture.  The  stars 
just  visible  with  a  nine-inch  aperture  (reflector). 

Plate  XXXI.  Jig,  i. — The  same  object  as  shown  by  the  larger 
telescope  of  the  Earl  of  Rosse.  Lord  Rosse  thinks  that  no  in- 
jcreased  power  is  likely  to  alter  materially  its  appearance.  It 
would  merely  render  the  component  stars  brighter  and  less  closely 
crowded. 

Plate  XXXn.^.  2.  B  A  5*»  26™  I",  n  p  d  68°  5'.  Length  4', 
loeadth  3',  oval  form.  — A  fine  object.     (Sir  J.  Herschel.) 

Plate  XXXTT.  Jig,  i. — The  same  object  as  shown  by  Lord 
Boflse's  telescope.  A  considerable  change  of  appearance  is  here 
produced  by  increased  power,  the  oval  resolvable  nebula  being 
changed  into  what  the  drawing  represents.  It  is  studded  with 
Jrtars  mixed  with  a  nebulosity,  which  a  still  higher  power  would 
I   jevidently  resolve  into  stars. 

.  Plate XXXm.^.  5.  BA  I3»»23~53-.  npd  42°  5^— This 
IB,  in  many  respects,  one  of  the  most  remarkable  and  interesting  of 
its  class,  and  has  been  submitted  to  elaborate  examination  by  all 
the  eminent  observers.  The  distance  of  the  centre  of  the  small 
h'  nebula  from  that  of  the  large  one,  is  given  by  Messier  as  4'  35^', 
which  may  serve  as  a  modulus  for  its  other  dimensions.  It  was 
described  by  Sir  W.  Herschel  as  a  brightf  round  nebula,  surrounded 
by  a  halo  or  glory,  and  attended  by  a  companion.  Sir  J.  Herschel 
observed  this  object,  and  represented  it  as  in  the  figure.  He 
noticed  the  partial  division  of  the  ring  as  if  it  were  split,  as  its 
most  remarkable  and  interesting  feature,  and  inferred  that,  sup- 
posing it  to  consist  of  stars,  the  appearance  it  would  present  to  an 
observer,  placed  on  a  planet  attached  to  one  of  them  excentrically 
situate  towards  the  north  preceding  quarter  of  the  central  mass, 
would  be  exactly  Bimilar  to  that  of  the  milky  way  as  seen  from  the 
earth,  traversing  in  a  maimer  precisely  similar  the  firmament  of 
large  stars,  into  which  the  central  cluster  would  be  seen  projected, 
and  (owing  to  its  greater  distance)  appearing  like  it  to  consist  of 
stars  much  smaller  than  those  in  other  ]^aEt&  oi  \Isyei  V<ga.^^s&s^ 
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between  the  nebulsa  from  which  tails  and  curyed  filaments  issaed. 
The  existence  of  an  annuliis  surrounding  the  two  nebulae  was  sus- 
pected. 

Plate  XXXV. ^.  14.  K  A  ii»»  11™  36«.  np  D  76**  9'.  Length 
4'. — Described  by  Sir  John  Herschel,  as  large^  elliptical  in  form, 
with  a  round  nucleus,  and  growing  gradually  brighter  towards  the 
middle. 

Plate  XXX V.^.  3.  — The  same  object  as  shown  by  Lord  Eoese's 
telescope,  on  the  3i8t  of  March,  1848.  Described  as  a  curious 
nebula,  nucleus  resolvable,  having  a  spiral  or  annular  arrangement 
about  it.  It  was  also  observed  with  the  same  results  on  the  ist  and 
3rd  of  April. 

Plate  XXXV. ^.  5.  b  A  1 5**  2"  ^S\  N  p  d  33**  42'.  Length 
50".  Breadth  20". — This  nebula  was  not  figured  by  Sir  John 
Herschel,  but  is  described  by  him  as  an  object  very  bright,  and 
growing  much  brighter  towards  the  middle.  The  drawing,  jUff.  5, 
represents  the  object  as  seen  in  Lord  Bosse's  telescope^  in  Apnl 
1 848.  It  is  described  by  Lord  Bosse  as  a  very  bright  resolvable 
nebula,  but  theft  none  of  the  component  stars  could  be  distinctly  seen 
even  with  a  magnifying  power  of  1 000.  A  perfectly  straight  longi- 
tudinal division  appears  in  the  direction  of  the  major  axis  of  tiie 
ellipse.  Eesolvability  was  strongly  indicated  towa^U  the  nucleus. 
According  to  Lord  Kosse,  the  proportion  of  the  major  axis  to  the 
minor  axis  was  8  to  I ;  much  greater  than  the  estimate  of  Sir  John 
Herschel. 

Plate  XXXV.  ^.  10.  B  A  12'*  35"  21'.  N  p  d  56°  41'.— 
Described  by  Sir  John  Herschel  as  a  nebula  of  enormous  length, 
extending  across  an  entire  field  of  1 5',  the  nucleus  not  being  well 
defined.  It  was  preceded  by  a  star  of  the  tenth  magnitude,  and 
that  again  by  a  small  faint  round  nebula,  the  whole  forming  k  fine 
and  very  curious  combination. 

Plate  XXXV.  ^.  4. —  The  same  object  as  shown  by  Loid 
Eosse's  telescope  on  the  1 9th  of  April,  1 849.  The  drawing  is  stated 
to  be  executed  with  great  care,  and  to  be  very  accurate.  A  most 
extraordinary  object,  masses  of  light  appearing  through  it  in  knots. 

Plate  XXX TV.  ^.5.  B  A  6^  31"  36-.  n  p  d  81**  8'.  —De- 
scribed by  Sir  John  Herschel  as  a  star  of  the  1 2th  magnitude, 
with  a  bright  cometic  branch  issuing  from  it,  60"  in  length, 
forming  an  angle  of  60''  with  the  meridian,  passing  through  it 
The  star  is  described  as  ill  defined,  the  apex  of  the  nebula  coming 
exactly  up  to  it,  but  not  passing  it. 

Plate  XXXrV.Jlff.  6.  —  The  same  object  as  seen  with  Lord 
Rosse's  telescope  on  the  i6th  of  January,  1850.  Lord  Rosse  ob- 
served that  the  two  comparatively  dark  spaces,  one  near  the  apex 
and  the  othei  neox  't\iQ  base  of  the  cone,  are  very  remarkable. 
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Plate  XXXm.^.  3.    BA  ii»»  6™  34'.    itpj)  34**  14'     Dia- 
meter 1 9'  of  time  in  B  A. — ^Described  by  Sir  John  Herschel  as  a  large 
uniform  nebulous  disk,  very  bright  and  perfectly  round,  but  sharply 
defined,  and  yet  very  suddenly  fading  away  into  darkness.    A  most 
extraordinary  object. 

Plate  XXXm.  ^.  4. — The  same  object  as  shown  by  Lord 
Rosse's  telescope.  Two  stars  considerably  apart,  seen  in  the 
central  part  of  the  nebula.  A  dark  penumbra  around  each  spiral 
arrangement  with  stars  as  apparent  centres  of  attraction.  Stars 
sparkling  in  it  and  in  the  nebula  resolvable.  Lord  Rosse  saw 
two  large  and  very  dark  spots  in  the  middle,  and  remarked  that 
all  round  its  edge  the  sky  appeared  darker  than  usual. 

Plate  XXXV. ^.  11.  B  a  7'*  35"  23".  N  p  D  104°  24'.  Dia- 
meter 3*75  of  time.  —  Described  by  Sir  John  Herschel  as  a 
planetary  nebula,  of  a  faint  equal  light,  and  exactly  round,  having 
a  very  minute  star  a  little  north  of  the  centre.  Very  velvety  at 
the  edges.  In  the  telescope  of  Lord  Rosse,  however,  it  appears  as 
an  annular  nebula  as  represented  in  the  figure,  with  twx)  stars 
within  it 

Plate  XXXV.  fig,'],  b  A  23**  19"  3*.  N  p  D  48**  14'.  Dia- 
meter 12''. — Figured  by  Sir  John  Herschel,  who  describes  it 
as  a  fine  planetary  nebula.  With  a  power  of  240  it  was  beauti- 
fully defined,  light,  rather  mottled,  and  the  edges  the  least  in  the 
world  unshaped.  It  is  not  nebulous,  but  looks  as  if  it  had  a 
double  outline,  or  Hke  a  star  a  little  out  of  focus.  It  is  perfectly 
circular. 

Plate  XXKV.fig.  6. — ^The  same  object  as  shown  in  Lord  Rosse's 
telescope,  on  the  i6th — 19th  of  December,  1848.  A  central  dark 
spot  surrounded  by  a  bright  annulus. 

Plate  XXXV.  fig,  g,  b  a  2o'»  56"  28'.  n  p  d  101°  55'. 
Diameter  10''  to  12''  according  to  Herschel,  but  25''  by  17''  ac- 
cording to  Struve,  who  gives  it  a  more  oval  form. —  This  figure  is 
that  given  by  Sir  John  Herschel,  who  describes  it  as  a  fine 
planetary  nebula  with  equable  light  and  bluish  white  colour. 

Plate  XXXV.  fig.  8.  —  The  same  object  as  shown  by  Lord 
Rosse's  telescope.  Like  a  globe  surrounded  by  a  ring  such  as  that 
of  Saturn,  the  usual  line  being  in  the  plane  of  the  ring. 

Plate  XXXV.^.  13.  b  a  7»»  20™  55*.  n  p  d  68°  48'.—  De- 
scribed by  Sir  Jolm  Herschel  as  a  star  exactly  in  the  centre  of  a 
bright  circular  atmosphere  25"  in  diameter,  the  star  being  quite 
stellar,  and  not  a  mere  nucleus,  and  is  a  most  remarkable  object. 

Plate  XXXV,  fig,  iz, — The  same  object  as  shown  by  Lord 
Rosse's  telescope  on  the  20th  of  February,  1849;  described  by 
him  as  a  most  astonishing  object.    It  was  examined  in  January 
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i8$o,wiih  powers  of  700  and  900,-^11611  boftli  the  dai]^  and  U^ 
rings  Beemed  unequal  in  bread^ 

Plate  XXXV.  ^.15.  E  A  5*  28"»  35».  h  p  d  96®  I'.-Tfe 
star  I  Orionis  inyolved  in  a  feeble  nebula  3 'in  diameter.  (^X 
HerscbeL)  The  drawing  sbows  this  as  seen  with  Lord  Bow's 
telescope. 

Plate  XXX. ^.  3.  B  A  19^  53«  27*.     w  p  d  6/*  40/.— Dim 
by  Sir  John  Herschel,  who  describes  it  as  a  nebula  shaped  Hb* 
dumb-bell^  double-headed  shot,  or  hour-glass,  the  elliptic  miSm 
being  completed  by  a  more  feeble  nebulous  light.    The  aii>  d 
symmetry  through  the  centres  of  the  twY>  diief  masses  indined  it 
30®  to  the  meridian.    Diameter  of  elliptic  light  fiK)m  /  to  8*. 
Not  resolvable,  but  four  stars  are  visible  on  it  of  the  I2tii,  13^1, 
and  14th  magnitude.     The  southern  head  is   denser  than  tite 
northern.    This  extraordinary  object  was  also  observed  by  %^' 
Herschel,  who  recognised  the  same  peculiar  form.     Sir  J.  Henehd 
considers  that  the  most  remarkable  drcumstance  attending  it  is  tiie 
faint  nebulosity  which  fills  up  the  lateral  concavities  of  its  fona, 
and  in  fact  converts  them  into  protuberances^  so  as  to  render  the 
whole  outline  a  regular  ellipse,  having  for  its  shorter  axis  the 
common  axis  of  the  two  bright  masses.    If  it  be  regarded  as  1 
mass  in  rotation,  it  is  around  this  shorter  axis  it  must  revolve.  la 
that  case,  he  considers  that  its  real  form  must  be  that  of  an  obiato 
spheroid ;  and  as  it  does  not  follow  that  the  brightest  portions  mast 
be  of  necessity  the  densest,  this  supposition  would  not  be  incom- 
patible with  dynamical  laws,  at  least  supposing  its  ports  to  be 
capable  of  exerting  pressure  on  each  other.     But  if  it  consist  of 
distinct  stars  this  cannot  be  admitted,  and  we  must  then  hare 
recourse  to  other  suppositions  to  account  for  the  maintenance  d 
its  form.    Sir  John  Herschel,  it  will  be  observed,  failed  to  lesolTe 
this  nebula. 

Plate  XXXVI.  Jig,  i. —  The  same  object  as  shown  by  the  tele- 
scope of  Lord  Bosse,  three  feet  aperture,  twenty-seven  feet  focal 
length. 

Plato  XXX.  jftff,  I. — The  same  object  as  shown  with  the  great 
telescope  of  Lord  Bosse,  six  feet  aperture,  fifty-three  feet  focal 
length. 

'  The  difference  between  these  two  representations  and  that  given 
by  Sir  John  Herdchel  of  the  same  object,  will  illustrate  in  a  veiy 
striking  manner  the  observations  already  made  on  the  effects  of 
different  magnifying  and  defining  powers  upon  the  appearance  of 
the  object  under  examination.  These  three  figures  could  scarcely 
be  conceived  to  be  representations  of  the  same  object. 

To  explain  the  difference  observable  between  the  drawing,  Plate 
XXXYI.  Jiff.  I,  made  with  the  smaller  telescope,  and  the  drawing, 
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Plate  XXX  jig,  i,  made  tvith  the  larger  instrument^  Lord  Bosse 
observes,  that  while  the  application  of  a  high  magnifying  power 
brings  out  minute  stars  not  visible  with  lower  powers,  it  com- 
pletely extinguishes  nebulosity  which  the  lower  powers  render 
visible.  The  optical  reason  for  this  will  be  easily  perceived ;  the 
circumstance  was  nevertheless  overlooked  when  the  observations 
were  made  from  which  the  drawing,  Plate  XXX  VI.^.  i  was  token. 
Only  one  magnifying  power,  and  that  a  veiy  high  one,  was  used 
on  tiiat  occasion,  the  consequence  of  which  was  that,  although  the 
two  knobs  of  the  dumb-bell  were  more  fully  resolved,  the  nebulous 
matter  filling  the  intermediate  space,  which  Herschel  considered 
to  be  the  most  remarkable  feature  of  this  nebula,  was  entirely 
extinguished  in  the  optical  image.  If  on  that  occasion  a  second 
eye-piece  had  been  used  of  lower  power,  the  intermediate  nebulous 
matter  would  have  been  seen  as  represented  in  the  drawing,  and 
the  drawing  would  be  as  perfect  as,  and  nearly  identical  with, 
that  obtained  with  the  greater  telescope,  Plate  XXX.  ^.  i,  a  lower 
power  being  used. 

It  will  be  observed  that  the  general  outline  of  this  remarkable 
object,  which  is  so  geometrically  exact  as  seen  with  the  inferior 
power  used  by  Sir  John  Herschel,  is  totally  efiaced  by  the  applica- 
tion of  the  higher  powers  used  by  Lord  Eosse  and  consequently, 
Sir  John  Herschel's  theoretical  speculations  based  upon  this  par- 
ticular form  must  be  regarded  as  losing  much  of  their  force,  if  not 
wholly  inadmissible  \  and  this  is  an  example  proving  how  imsafe 
it  is  to  draw  any  theoretical  inferences  from  apparent  peculiarities 
of  form  or  structure  in  these  objects,  which  may  be  only  the  effect 
of  the  imperfect  impressions  we  receive  of  them,  and  which,  con- 
sequently, disappear  when  higher  telescopic  powers  are  applied. 
The  case  of  the  nebula  represented  in  Plate  XXXIIL^«.  i  and  5, 
presents  another  striking  example  of  the  force  of  these  observa- 
tions. 

Plate  XXX.^.  4.  BA.  i8*»  48"  19'.  npd  ^f  p'.—This  object, 
drawn  by  Sir  J.  Herschel,  is  the  annular  nebula  between  /?  and  y 
Lyrse.  He  estimates  its  diameter  at  6**5  of  time.  Theannulusisoval, 
its  longer  axis  being  inclined  at  57°  to  the  meridian.  The  central 
vacuiiy  is  ncft  black,  but  filled  with  a  nebulous  light.  The  edges 
are  not  sharply  cut  off,  but  ill  defined ;  they  exhibit  a  curdled  and 
confused  appearance,  like  that  of  stars  out  of  focus.  He  considers  it 
not  well  represented  in  the  drawing. 

Plate  XXX.  Jig.  2. — The  same  object  as  shown  in  the  tele- 
scope of  Lord  Bosse.  This  drawing  was  made  with  the  smaller 
telescope,  three  feet  aperture,  before  the  great  telescope  had  been 
erected.  The  nebula  was  observed  seven  times  in  1 848,  and  once 
in  1 849.    With  the  large  telescope,  the  central  opening  showed 
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considerably  more  nebulositj  than  it  appeared  to  liave  with  the 
smaller  instrument  It  was  also  noticed  that  several  small  stars 
were  seen  aromid  it  with  the  large  instrument  "which  did  not 
Appear  with  the  smaller  one,  from  which  it  was  inferred  that  the 
stars  seen  in  the  dark  opening  of  the  ring  may  possibly  be  merely 
accidental,  and  have  no  physical  relation  to  the  nebula.  In  the 
annulus  near  the  extremity  of  the  minor  axis^  several  minute  stars 
were  visible.  ^ 

Plate  XXX.  j^.  5.  B  A  13**  30"  29".  N  p  B  107**  i&. 
Diameter  of  faint  nebula  2\  Diameter  of  bright  part^  lo^'  or  1 5'^ 
— Described  as  a  fednt  large  nebula,  losing  itself  quite  impercep- 
tibly ;  a  good  type  of  its  class.     (HerscheL) 

Plate XXX. ^.  7.  B A  I7>*  45-  57".  npd  66**  54'.  Perceptible 
disk  I'^fOT  I '^'5  diameter.  Surrounded  by  a  very  faint  nebula. 
— A  curious  object.     (Herschel.) 

Plate  XXX.  Jig.  8.  b  A  19**  41"  y*.  N  p  d  39**  50'. — A  most 
curious  object.  A  star  of  the  nth  magnitude,  surrounded  by  a 
a  very  bright  and  perfectly  round  planetary  nebula  of  uniform 
light.  Diameter  in  ba  y-^,  perhaps  a  very  little  hazy  at  the 
edges.     (Herschel.) 

Plate  XXX.  Jig.  9.  ba  io*»  30"  4'.  N  p  D  35®  46'. — A  bright 
round  nebula,  forming  almost  a  disk  1 5'^  diameter,  surrounded  bj 
a  very  feeble  atmosphere.    (Herschel.) 

734.  iMtge  and  irreyiilar  nebnlee.  —  All  the  nebulte  de- 
scribed above,  are  objects  generally  of  regular  form  and  subtending 
small  visual  angles.  There  are  others,  however,  of  a  very  different 
character,  which  caimot  be  passed  without  some  notice.  These  ob- 
jects cover  spaces  on  the  firmament,  many  nearly  as  extensive  as, 
and  seme  much  more  extensive  than,  the  moon's  disk.  Some  of  them 
have  been  resolved.  Of  those  which  are  larger  and  more  difiused, 
some  exhibit  irregularly  shaped  patches  of  nebulous  light,  affecting 
forms  resembling  those  of  clouds,  in  which  tracts  are  seen  in  every 
stage  of  resolution,  from  nebulosity  irresolvable  by  the  largest  and 
most  powerful  telescopes,  to  stars  perfectly  separated  like  parts  of 
the  milky  way,  and  ''  clustering  groups  sufiiciently  insulated  and 
condensed  to  come  under  the  designation  of  irregular  and,  in  some 
cases,  pretty  rich  clusters.  But  besides  these  there  are  also 
nebulsB  in  abundance,  both  regular  and  irregular;  globular  clusters 
in  every  state  of  condensation,  and  objects  of  a  nebulous  character 
quite  peculiar,  which  have  no  analogy  in  any  other  part  of  the 
heavens.''  * 

735.  Slob  cluster  tn  fbe  Centanr. — The  star  w  Centauri  pre- 
sents one  of  the  most  striking  examples  of  the  class  of  large  diffused 

*  Herschel,  OtUltnea  ofAttronomy, 
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clusters.  It  ia  nearly  round;  and  has  an  apparent  diameter  equal 
to  two-thirds  of  that  of  the  moon.  This  remarkable  object  was 
included  in  Mr.  Ihmlop's  catalogue  (PA»7.  Trans,  1828);  but  it  is 
£rom  the  observations  of  Sir  John  Herschel  at  the  Gape  that  the 
Imowledge  of  its  splendid  character  is  derived.  That  astronomer 
pronounces  it,  beyond  all  comparison^  the  richest  and  largest 
object  of  the  kind  in  the  heavens.  The  stars  composing  it  are 
literally  innumerable ;  and  as  their  collective  light  affects  the  eye 
hardly  more  than  that  of  a  star  of  the  fifth  magnitude^  the  minute- 
ness of  each  of  them  may  be  imagined.  The  apparent  magnitude 
of  this  object  is  such  that;  when  it  was  concentric  with  the  field  of 
Sir  J.  Herschel's  20-ft.  telescope,  the  straggling  stars  at  the  edges 
were  beyond  the  limit  of  the  field.  In  stating  that  the  diameter 
is  two-thirds  of  the  moon's  disk^  it  must  be  understood  to  apply  to 
the  diameter  of  the  condensed  cluster,  and  not  to  include  the 
straggling  stars  at  the  edges.  When  the  centre  of  the  cluster  was 
brought  to  the  edge  of  the  field,  the  outer  stars  extended  fully  half 
a  radius  beyond  the  middle  of  it.* 

The  appearance  of  this  magnificent  object  resembles  that  shown  in 
Plate  XXXI.  ^.  I,  only  that  the  stars  are  much  more  densely 
crowded  together,  and  the  outline  more  circular,  indicating  a  pretty- 
exact  globe  as  the  real  form  of  the  mass. 

736.  Tbe  sreat  nebula  in  Orion.  —  The  position  of  this 
extraordinary  object  is  in  the  sword  handle  of  the  figure  which 
forms  the  constellation  of  Orion.  It  consists  of  irregular  cloud- 
shaped  nebulous  patches,  extending  over  a  surface  about  4c/ 
square;  that  is,  one  whose  apparent  breadth  and  height  exceed 
the  apparent  diameter  of  the  moon  by  about  one-third,  and  whose 
supei^cial  magnitude  is  therefore  rather  more  than  twice  that  of 
the  moon's  disk.  Drawings  of  this  nebula  have  been  made  by 
several  observers,  and  engravings  of  them  have  been  already  pub- 
lished in  various  works. 

In  Plate  XXXVIT.  is  given  a  representation  of  the  central 
part  of  this  object.  The  portion  here  represented  measures 
about  27'  in  length  and  25'  in  breadth;  being  about  one-sixth 
less  than  the  diameter  of  the  moon.  An  engraving  upon  a  very 
large  scale  of  the  entire  extent  of  the  nebula,  with  an  indication  of 
the  various  stars  which  serve  as  landmarks  to  it,  may  be  seen  by 
reference  to  Sir  J.  Herschel's ''  Cape  OhservaHonB,^  accompanied  by 
the  interesting  details  of  his  observations  upon  it. 

Sir  J.  Herschel  describes  the  brightest  portion  of  this  nebula 
as  resembling  the  head  and  yawning  jaws  of  some  monstrous 
animal,  with  a  sort  of  proboscis  running  out  &om  the  snout.    The 

*  Capt  ObservationSf  p.  21. 
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stars  scattered  over  it  probably  have  no  ooonection  with  it,  and  are 
doubtless  placed  much  nearer  to  our  system  than  the  nebulay  b^g 
visually  projected  upon  it  Parts  of  this  nebula,  when  submitted 
to  the  powers  of  Lord  Bosse's  telescopes,  show  evident  indications 
of  resolvability. 

737.  Tlie  freat  nebula  la  Arfo.  —  This  is  an  object  of  tha 
same  class,  and  presenting  like  appearances ',  it  is  diffused  around 
the  star  11  in  the  constellation  here  named,  and  formed  a  special 
subject  of  observation  by  Sir  J.  Herschel  during  his  residence  at 
the  Cape.  An  engraving  of  it  on  a  large  scale,  giving  all  its  details, 
may  be  seen  in  the  '^  Cape  Obgervationa"  The  position  of  the 
centre  of  the  nebula  is,  B  A  10**  39"  47*;  N  P  D  148°  38'. 

This  object  consists  of  di^^sed  irregular  nebulous  patdies, 
extending  over  a  surface  measuring  nearly  7^  (time)  in  right 
ascension,  and  68'  in  declination ;  the  entire  area,  therefore,  be^ 
equal  to  a  square  space  whose  side  would  measure  one  degree.  It 
occupies,  therefore,  a  space  on  the  heavens  about  five  times  greater 
than  the  disk  of  the  moon. 

A  part  of  the  nebula  immediately  surrounding  the  central  star 
is  represented  in  Plate  XXXVI.^.  2.  The  space  here  represented 
measures  about  one-fourth  of  the  entire  extent  of  the  nebula  in 
declination,  and  one-third  in  right  ascension,  and  about  a  twelM 
of  its  entire  magnitude. 

No  part  of  this  remarkable  object  has  shown  the  least  tendency 
to  resolvability.  It  is  entirely  compressed  within  the  limits  of 
that  part  of  the  milky  way  which  traverses  the  southern  firmament, 
the  stars  of  which  are  seen  projected  upon  it  in  thousands.  Sir  J. 
Herschel  has  actually  counted  izoo  of  these  stars  projected  upon 
a  part  of  this  nebula  measuring  no  more  than  28'  in  declination 
and  32'  in  right  ascension,  and  he  thinks  that  it  is  impossible  to 
avoid  the  conclusion,  that  in  looking  at  it  we  see  through  and 
beyond  the  milky  way,  far  out  into  space  through  a  starless  region, 
disconnecting  it  altogether  with  our  system. 

738.  BSaffellanlo  clouds.  —  These  are  two  extensive  nebulous 
patches  also  seen  on  the  southern  firmament,  the  greater  called  the 
nubecula  truyor,  being  included  between  B  A  4**  40",  and  6**  o"  and 
N  p  D  156°  and  162°,  occupying  a  superficial  area  of  42  square 
degrees ;  and  the  other  called  the  nubecula  mmoTf  being  included 
between  b  a  o**  28"  and  i**  1 5"  and  between  »  p  d  162°  and  165°, 
covering  about  10  square  degrees. 

These  nebulas  consist  of  patches  of  every  character,  some 
irresolvable,  and  others  resolvable  in  all  degrees,  and  mixed  with 
clusters,  having  all  the  characters  already  explained  in  the  cases 
of  the  large  diffused  nebulae  described  above.  So  great  is  the 
number  of  distinct  nebulas  and  clusters  crowded  together  in  these 
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tracks  of  the  finnament,  that  278;  besides  50  or  60  outliers^  have 
been  enumerated  by  Sir  J.  Herschel^  within  the  area  of  the  nubecula 
major  alone. 


CHAPTER  XXm. 

STKOPSIS  OF  THE  SOLAB  SYSTEM. 

739.  Vlanetary  data.  —  Having  explained  in  a  former  part  of 
the  volume  the  principal  circumstances  attending  the  physical 
condition  and  motion  of  the  different  bodies  of  the  solar  system^  it 
remains  to  bring  them  into  juxtaposition^  to  view  them  collec- 
tively, and  to  supply,  in  tabulated  forms,  those  numerical  data 
which  at  any  given  time  may  assist  in  determining  their  positions 
and  motions. 

We  shall  therefore  give  in  this  concluding  chapter  a  short 
explanation  of  these  data  or  elements,  together  with  a  few  of  the 
methods  which  may  be  useful  in  an  investigation  of  the  movements 
of  the  various  members  of  the  system.  Our  limits,  however,  will 
not  permit  any  lengthened  detail ;  those  of  our  readers  who  desire 
to  enter  more  fully  into  the  mathematical  study  of  the  subject, 
are  therefore  referred  to  those  special  works  on  the  different 
branches  of  the  science  which  have  been  prepared  by  the  principal 
astronomers  of*  England  and  the  Continent. 

Planetaiy  data  may  be  resolved  into  three  classes :  — 

L  Those  which  determine  the  orbit. 

n.  Those  which  determine  the  place  of  the  body  in  the  orbit 

ni.  Those  which  determine  the  conditions  which  are  indepen- 
dent of  the  orbit. 

In  this  section  we  have  also  inserted  further  explanations  on 
some  important  points^  which  will  doubUess  tend  to  elucidate  the 
respective  subjects. 

L  Data  which  determine  t?ie  form,  magnitudey  and  position  of  the 

orbits  of  the  planets. 

740.  Vorm  of  tbe  orbit  detormtnod  by  tbo  exeontriolty- — 

It  is  well  understood  (284)  that  the  form  of  an  ellipse  depends 
on  the  excentricity,  all  ellipses  with  the  same  excentricity,  how- 
ever they  may  differ  in  magnitude,  having  the  same  form. 

Let  a  =the  mean  distance,  c  ss  the  distance  of  the  centre  of  the 
orbit  from  the  centre  of  the  sun^  and  e=the  excentricity.  We 
shall  then  have 

0 
e  =  - ,  c:=sa  X  e. 
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The  values  of  e,  in  the  cases  of  all  the  prindpal  planeii 
Mercuiy  excepted^  are  less  than  ^,  In  the  case  of  Mercmy  it  s 
about  \f  and  in  the  larger  planets  ^ 

In  the  case  of  the  planetoids,  the  ezcentricities  are  subject  to 
great  and  exceptional  variation;  amounting'  in  the  case  of  Polj- 
hymnia  to  ^y  whilst  in  that  of  Harmonia  it  amounts  to  about  ^ 

741.  Maffnltnde  determined  by  snmf  ails  miyor. — As^e 
excentricity  determines  the  forrn^  the  semi-axis  deteimmes  tbe 
magnitude^  of  the  orbit  This  quantity  forms  in  other  respects  1 
very  important  planetary  element^  since  upon  it  is  dependent  tli« 
periodic  time^  and  consequently  llie  mean  angxilar  and  mean  lineir 
velocity  in  the  orbit 

742.  Vosltlon  of  fbe  plane  of  the  orMt.  —  The  plane  of  the 
orbit  must  always  pass  through  the  centre  of  the  sim^  Tvhkh  it 
therefore  the  common  point  at  which  the  planes  'of  all  the  planetuj 
orbits  intersect.  But  to  deiine  the  position  of  the  plane  of  idj 
orbit  something  more  is  necessary.  If  the  plane  of  the  esrtli's 
orbit  be  provisionally  assumed  as  a  fixed  plane^  (^v-hich  howererit 
is  not);  the  positions  of  the  planes  of  the  orbits  of  the  planets, 
severally,  with  relation  to  it,  will  be  determined,  ist,  by  the  angj« 
at  which  they  intersect  it,  and,  2ndly,  by  the  direction  of  the  line 
of  intersection. 

743.  Znclinatlons  of  the  orbits.  —  The  ang-les  which  the 
planes  of  the  orbits  of  the  principal  planets  form  'with  the  plane 
of  the  ecliptic,  are  less  than  4^,  excepting  the  planet  Mercuir, 
whose  orbit  is  inclined  to  the  ecliptic  about  7®.  The  planetoids, 
however,  are  very  exceptional,  the  orbit  of  Pallas  having  an  incli- 
nation of  34J° ;  the  inclinations  of  the  others  varying^  from.  26'  to 
less  than  i  °. 

744.  Zilne  of  nodes.  —  The  inclination  is  not  enough  to  dete^ 
mine  the  position  of  the  plane  of  the  orbit,  for  it  is  evident  that 
an  infinite  variety  of  difi'erent  planes  may  be  inclined  at  the  same 
angle  to  the  ecliptic.  If,  however,  the  direction  of  the  line  of 
intersection  of  the  plane  of  the  orbit  with  the  plane  of  the  ecliptic 
(which  line  must  always  pass  through  the  centre  of  the  sun)  be 
also  defined,  the  position  of  the  plane  of  the  orbit  will  be  deter- 
mined. This  line  of  intersection  is  called  the  Kne  of  nodes,  being  the 
direction  in  which  the  nodes  of  the  planet's  orbit  are  seen  from  the 
sun.  If  an  observer  be  imagined  to  be  stationed  at  the  centre  of 
the  sun,  he  will  be  in  this  line,  and  the  nodes  will  be  viewed  by 
him  in  opposite  directions  along  this  line,  the  ascending  node  (293) 
being  viewed  in  one  direction,  and  the  descending  node  in  the 
other. 

745.  Zionritnde  of  ascendlngr  node. — It  has  been  customary 
to  define  the  direction  of  the  line  of  nodes  by  the  angle  which  the 
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direction  of  the  ascending  node,  seen  &om  the  sun,  makes  with  the 
"■  direction  of  the  "first  point  of  Aries,"  or,  what  is  the  same,  by  its 
■'  heliocentric  longitude. 

The  position  of  the  plane  of  the  orbit  is  therefore  determined  by 

its  inclination  and  the  longitude  of  the  ascending  node, 

746.  Koiiritnde  of  peiUieUon. — These  data,  however,  are 
'  stdll  insufficient  to  determine  the  position  of  the  orbit.  They 
'  would  be  sufficient  if  the  orbit  were  circular,  since  a  circle  is 
i^  symmetrical  with  relation  to  its  centre.  But  the  orbit  being  an 
*^  ellipse,  the  major  axis  may  have  an  infinite  variety  of  different 
^  directions,  all  of  which  shall  pass  through  the  sun's  centre,  and  all 
^    of  which  shall  be  in  the  same  plane.    After  defining,  therefore,  the 

position  of  the  plane  of  the  orbit,  it  is  necessary  to  determine  the 
k  position  of  the  orbit  upon  that  plane,  and  this  is  determined  by  the 
t  '  direction  of  its  major  axis,  just  as  the  plane  itself  was  determined 
\  by  the  direction  of  the  line  of  nodes,  and  as  the  latter  was  deter- 
:  mined  by  the  heliocentric  longitude  of  the  ascending  node ;  the 
i  position  of  the  orbit  upon  its  plane  is  determined  by  the  heliocentric 
\     longitude  of  perihelion  (286;. 

747.  Vive  elements  wMcli  determine  the  orbit.  —  The 
j  orbit  of  a  planet  is  therefore  determined,  in  form,  magnitude, 
r     and  position,  by  the  five  following  data,  which  are  cdled  its 

elements: — 

'             I.  The  semi-axis,  or  mean  distance  -  -  -  a 

2.  The  excentricity  -           -           -  -  -  c 

3.  The  inclination    -           -           -  -  -  » 
^             4.  The  longitude  of  the  ascending  node  -  -  v 

5.  The  longitude  of  perihelion  -  -  -    w 

The  excentricity  is  sometimes  expressed  by  the  angle  ^,  of  which 
e  \a  the  sine,  which  is  called  the  '^  angle  of  excentricity." 

748.  Elements  subject  to  slow  ▼ariatlon — Bpoob. — If  the 
elements  of  the  orbit  were  invariable,  they  would  be  always  known 
when  once  ascertained.  But  although  for  short  intervals  of  time 
they  may,  without  sensible  error,  be  regarded  as  constant,  some  of 
them  are  subject  to  slow  variations,  which,  after  long  intervals, 
such,  for  example,  as  centuries,  completely  change  the  orbits. 
These  variations  have  been  calculated  with  surprising  precision, 
and  are,  moreover,  found  to  be  periodical,  although  their  periods 
are  in  general  of  such  magnitude  as  to  surpass  not  only  the  limits 
of  human  life,  but  those  of  all  human  record. 

Since,  therefore,  the  planetary  orbits  are  thus  subject  to  a  slow 
but  constant  change,  it  is  necessaiy  in  assigning  their  elements  to 
assign  also  the  date  at  which  the  orbits  had  these  elements.  When 
the  rates  at  which  the  elements  severally  vary  are  known,  their 
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TSlueo  at  any  Btsaigned  d«to  iMmi  iba. 
their  Taluea  at  any  other  Mb,  miaiat 
posterior,  can  be  detemUned. 

The  date  at  which  the  deatuUdi, 
OTbita  hare  had  the  valaee  anoiEd  B 
them  la  t«chmcaUy  caUed  the  woca 

7+9-  a>««n  OlvtMUMw  mt  th«  piMM 
—la  Table  I.  at  the  end  of  fliis  dmr, 
the  meaa  distancea  of  the  idiiwta  w 
giTeo,  that  of  the  Earth  beiiur  unitv.  Tl. 
pWeta  wiU  be  found  in  thi,  tJJ.  ■■ 
ranged  m  the  order  of  their  men  &■ 
tftncesfrom  the  eim;  the  mder  oui il» 
s«  at  a  glance  the  reUtiTe  poati«i« 
the  BoUr  aystem  of  each  member  of  li. 
plajietaiy  group,  with  the  eiceptirai  ah 
of  Vulcan,  which  though  belieredlijw^ 
to  have  a  real  exJatence,  is  not  jrtsi 
ficienUj  recognised  to  be  incorponttd  ii  t 
synoptical  table  of  the  established  ^dwS 
In  Table  II  the  distances  of  theJm* 
from  tie  aun  and  earth  are  givai  in  Bil- 
lions of  miles. 
I  To  illnstrate  the  relati-Fo  mean  distmai 
I  ofthepknelsfroaitheaun,and&ome«4 
:  other,  we  have  delineated,  nearly  in  tlwii 
proper  proportion,  the  mean  distances  rf 
the  principal  planets,  and  the  planeloii 
or  asteroids,  in  ^,  103, 

II.   Data  to  determine  the  place  of  tie 

750.   ay  tbB  epoeb  aaii   tbe  iM«a 

aailymotloii.— The  orbit  being  defined 
Jh  magnitude,  form,  and  position,  it  is  ne- 
tessary  to  supply  the  data  by  which  the 
position  of  the  planet  in  it  at  any  asaigned 
time  may  be  found.  It  will  be  aufficienl 
tm  this  to  assign  the  position  which  the 
planet  had  at  the  bpoch,  and  the  periodic 
time,  from  which  the  mean  daily  motion 
of  the  planet  can  be  inferred.  By  means 
of  this  motion,  the  mean  place  of  the 
planet  for  any  given  time  anterior  or  pos- 
Krior  to  the  epoch  can  be  determined. 
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^  751.  Tbe  equatloB  of  the  centre. — To  find  ihe  true  place  of 

f  the  planet  a  further  correction,  however,  is  necesdaiy.    The  angular 

*  velocity  of  the  planet  referred  to  the  sun  is  not  unifonn,  being 

■  greatest  at  perihelion  and  least  at  aphelion.  The  difibrence  be- 
><  tween  the  position  which  the  planet  would  have,  as  seen  tcom  the 
fi  sun,  if  its  angular  motion  were  uniform  and  that  which  it  actually 
i  has,  is  called  the  '^equation  of  the  centre,^^  and  tables  are  computed 
0  by  which  this  correction  for  each  planet  may  be  made,  so  that,  the 
f  mean  place  of  the  planet  in  its  orbit  being  determined,  the  true 
ii  place  may  be  found. 

i  752.  sidereal  and  equinozlal  periods.  —  The  stdekeal 
ft  PERIOD,  or  the  time  which  the  planet  takes  to  make  a  complete 
(  revolution  round  the  sun,  will  be  found  in  the  table  of  the  principal 
r     elements. 

r  If  the  equinoxial  points  were  fixed,  the  sidereal  period  would  be 
!  equal  to  the  interval  between  two  successive  returns  of  the  planet 
to  the  same  equinoxial  point  But  the  equinoxial  points  are  sub- 
ject, as  already  explained  (i  74),  to  a  very  dow  retrograde  motion,  in 
virtue  of  which  the  first  point  of  Aries,  from  which  right  ascensions 
and  longitudes  are  measured,  moves  annually  from  the  east  to  west 
upon  the  ecliptic  through  a  space  a  little  less  than  a  minute.  A 
planet,  therefore,  departing  from  the  vernal  equinoxial  point,  and 
moving  constantly  from  west  to  east,  will  return  to  that  point  before 
it  completes  its  revolution,  inasmuch  as  that  point  moving  in  the 
contrary  direction  meets  it  before  its  return  to  the  point  of 
•departure. 

It  follows  from  this,  that  the  interval  between  two  successive 
returns  to  the  vernal  equinoxial  point  is  a  little  less  than  the 
sidereal  period.    This  interval  is  called  the  equvMxidl  period, 

753.  VerlbeUon  and  apbeUon  dUtanoes. — Let  the  extreme 
and  mean  distances  of  the  earth  from  the  sun,  expressed  in  millions 
of  miles,  be 

d  =  mean  distance 
cf  =  least  distance 
cf  ^  =  greatest  distance : 

we  shall  then  have,  according  to  what  has  been  already  explained 
and  proved, 

rf=95    cr=95x(i— «)    rf"  =  95x(i-|-c), 

the  value  of  « in  the  case  of  the  earth  being  0*0167705. 

Let  the  mean  and  extreme  distances  of  a  planet  from  the  sun  be 
in  like  manner  expressed  by  D,  d',  t/^  in  millions  of  miles,  and  we 
shall  have 

D  =  95a    D'=g5ox(i— c)    d"  =  95  o  x  (i  +  «)« 
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The  distance  8  of  a  planet  firom  the  earth  at  superior  conjunction 
being  equal  to  the  sum  of  the  distances  of  the  earth  and  planet 
from  the  sun^  we  shall  have 

This  will  yarj;  because  the  distances  firom  the  son  yaiy.  It  will 
be  greatest  when  the  earth  and  planet  are  both  in  aphelion^  and 
least  when  they  are  both  in  perUielion.  If  s'^^  therefore,  express 
the  greatest;  and  s'  the  least  possible  distance  of  the  planet  when 
in  conjunction,  the  mean  being  expressed  by  s,  we  shall  haye 

The  distance  of  an  inferior  planet  firom  the  earth,  when  in 
inferior  conjunction,  is  found  by  subtracting  the  planet's  distance 
firom  the  sun  firom  the  earth's  distance.  If  o  express  the  mean 
distance  of  the  planet  in  inferior  conjunction  firom  the  earth,  we 
shall  haye 

o=:rf— D. 

The  distance  will  yary  according  to  the  relatiye  positions  of  the 
axes  of  the  elliptic  orbits,  and  will  eyidently  be  greatest  when 
the  earth  is  in  aphelion  and  the  planet  in  perihelion,  and  least 
when  the  earth  is  in  perihelion  and  the  planet  in  aphelion.  If  o^ 
and  o'  then  express,  as  before,  the  greatest  and  least  possible  dis- 
tances of  the  planet  in  inferior  conjunction,  we  shall  haye 

o''  =  rf"-D'        o'=rf'-D''. 

The  distance  of  a  superior  planet  in  opposition  is  found  by  sub- 
tracting the  earth's  distance  firom  the  planet's  distance ;  and  it  may 
in  like  manner  be  shown  that  the  mean  and  extreme  distances  of 
the  planet  in  opposition  firom  the  earth  will  be 

m.  Conditions  affecting  the  physical  and  mechanical  state  of  the 

planet  independently  of  its  orbit, 

754.  In  the  preceding  chapters  we  haye  generally  explained  and 
illustrated  the  methods  by  which  the  real  magnitudes,  masses^ 
densities,  diurnal  rotation,  and  superficial  grayity  of  the  planets 
are  determined.  These  data  and  some  others  are  brought  together 
and  arranged  in  juxtaposition,  being  expressed  numerically,  with 
relation  to  the  most  generally  useful  units,  in  the  Tables  TTT.  IV. 
and  V. 

The  methods  of  computing  many  of  the  quantities  and  magni- 
tudes giyen  in  the  seyeral  columns  of  these  Tables  haye  been 
already  explained.  Some  of  them,  howeyer,  require  further  eluci- 
dation. 
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In  several  parts  of  this  volume  reference  is  made  to  the  linear 
value  of  an  arc  at  a  distant  object;  it  would  therefore  be  useful  here 
to  give  the  methods  for  its  determination. 

755.  Selatlve  maffnitndes  of  arcs  of  1°,  1^  and  X^\  and  fbe 
radius. — It  is  proved  in  geometiy  that  the  length  of  the  entire 
circumference  of  a  circle  whose  radius  is  expressed  bj  I'ooo 
exceeds  6'283  by  less  than  the  5000th  part  of  the  radius.  As  the 
exact  length  of  the  circumference  does  not  admit  of  any  numerical 
expression^  it  will  therefore  be  sufficient  for  all  practical  purposes 
to  take  6*283  ^  express  it. 

If  dy  m,  and  8  express  respectively  the  actual  lengths  or  linear 
values  of  a  degree^  a  minute,  and  a  second  of  a  circle;  the  length  of 
whose  radius  is  expressed  by  r,  we  shall  therefore  have  the  follow- 
ing numerical  relations  between  these  several  lengths :  — 

6ox«  =  w,        6oXm=:d,        3600  x«=<? 

360  rf=  6*283  r,        360X60X  ws=  2 1600  X»w= 6*283  Xr, 

2i6oox6ox«=i296ooox«=6*283  xr, 

and  from  these  may  be  deduced  the  following : 

r=57*3  xrf=3437'8  xm=2o6265  x«. 

By  these  formulae  respectively  the  length  of  the  radius  may  be 
computed  when  the  linear  value  of  an  arc  of  l^,  l',  or  1'^  is 
known. 

In  like  manner,  if  the  length  of  the  radius  r  be  given,  the 
linear  value  of  an  arc  of  1°,  i',  or  i"  may  be  computed  by  the 
formulae 

rf= — Xr,         tn=:-^xr,  9=-;^Xr, 

756.  Tbe  Unear  and  an^nlar  magnitudes  of  an  arc. — By 

the  linear  magnitude  of  an  arc  is  to  be  understood  its  actual  length 
if  extended  in  a  straight  line,  or  the  number  expressing  its  length 
in  imits  of  some  known  modulus  of  length,  such  as  an  inch,  &foot, 
or  a  mile.  By  its  angular  magnitude  is  to  be  understood  the  angle 
formed  by  two  lines  or  radii  drawn  to  its  extremities  from  the 
centre  of  the  circle  of  which  it  forms  a  part,  or  the  number  express- 
ing the  magnitude  of  this  angle  in  angular  units  of  known  value,  as 
degrees,  minutes,  and  seconds. 

757.  Of  tbe  tbree  foUowincr  quantities, — the  linear  Talue 
of  an  aroy  its  angrular  Talue,  and  tbe  lengtb  of  tbe  radius, — 
an  J  two  beingr  riven,  tbe  tbird  may  be  computed. — Let  a 
express  the  angular,  and  a  the  linear  value  of  the  arc,  and  r  the 
radius. 

I  St.  Let  a  and  a  be  given  to  compute  r.  By  dividing  a  by  a  we 
shall  find  the  linear  value  o^  ^,  i ',  or  i^^,  according  as  a  is  expressed 
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in  degrees,  tninutes,  or  seconds,  and  r  may  then  be  computed  by 
(755).  Thiis,  according  to  the  angular  units  in  which  a  is  expressed, 
we  shall  have 

^=5x57-3         ♦•=^x 3437*8  r=^x  206265. 

2ndly.  Let  a  and  r  he  g^yen  to  compute  a.  Bj  (755)  the  linear 
values  of  i**,  1%  or  i'^  may  he  computed,  since  r  is  given,  and  bj 
dividing  a  by  one  or  other  of  these  values,  a  will  he  found :  thus  we 
shall  have 

a®= a'= a= 

_L-  1  I 

573  ^  ^  3437  8  ^  ^  ao626$  ^  r 

3rdly.  Let  a  and  r  he  g^ven  to  compute  a.  By  (755),  as  before; 
the  linear  values  of  i^,  l',  or  i'^  may  be  found,  and  by  multiplying 
one  or  other  of  these  by  a  the  value  of  a  will  be  obtahied :  thus  we 
shall  have 

a=^,xrxa0  a=j^xrx«i'  «=i^XrX«". 

758.  Method  of  eomputiiir  fbe  oztremo  and  mean  appa^ 

rent  diametem. — The  real  diameter  8  being  ascertained  by  the 

methods  explained  in  (757),  a  being  the  apparent  diameter,  and  r 

the  distance,  the  extreme  variation  of  the  apparent  diameter  may 

be  found  from  a  comparison  of  the  real  diameter  with  the  extreme 

and  mean  distances  of  the  object.     Supposing  B  to  represent  the 

mean  distance,  D^  the  least,  and  i/^  the  greatest  distance,  we  have 

thus (757) 

8  8  8 

o=-  X  206265    '^^'p  X  206265    **"~D^  X  206265. 

759.  SurfJEMos  and  Tolnmes. — The  surface  of  the  earth  con- 
sists of  197  millions  of  square  miles,  and  its  volume  of  259,800 
millions  of  cubic  miles.  Let  these  numbers  be  expressed  respec- 
tively by  E''  and  e".  Since,  then,  the  surfaces  of  spheres  are  as  the 
squares,  and  their  volumes  as  the  cubes  of  their  diameters,  if  a' 
express  the  surface,  and  A^'  the  volume  of  a  planet  related  to  those 
of  the  earth  as  an  unit,  and  8^  the  surface  in  millions  of  square 
miles,  and  d^^  the  volume  in  billions  of  cubic  miles,  we  shall 
have 

8'=a'xb'  8"  =  a"xb". 

760.  Tbe  Masses. — If  i£  and  ic'  be  any  two  masses  of  matter, 
the  attractions  which  they  will  exert  upon  any  bodies  placed  at 
equal  distances  from  their  centres  of  gravity  will  be  in  the  exact 
proportion  of  the  quantities  of  ponderable  matter  composing  them. 
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ri       But  it  will  be  conyenient  to  obtain  the  relation  between  the 

H   masses  and  the  attractions  they  exert  at  unequal  distances.    Fo 
this  purpose^  let  the  attractions  which  they  exert  at  equal  dis- 
tances be  expressed  by/ and y^,  and  let  the  common  distance  at 

^    which  those  attractions  are  exerted  be  expressed  by  x^  and  let  F 
and  p'  express  the  attractions  which  they  respectively  exert  at  any 

\    other  distances^  r  and  r^^  and  we  shall  have^  according  to  the 

1    general  law  of  gravitation, 

±  •  ^,,   I.I 


and  consequently 


r»  '  i^ 


p^r*""lP^^' 


ixxsoL  which  it  follows  that 


/_J'Xr 


But  since  the  masses  h  and  H^  are  proportional  to  the  attraotioDS 
fandf^  we  have 


and  therefore 


M      PXr* 


nf^xr'^ 


that  is^  the  attracting  masses  are  proportional  to  the  products 
obtained^  by  multiplying  any  two  forces  exerted  by  them  by  the 
squares  of  the  distiuices  at  which  such  forces  are  exerted. 

HencO;  in  all  cases  in  which  the  attractive  forces^  exerted  by  any 
central  masses  at  given  distances,  can  be  measured  by  any  known 
or  observable  motions,  or  other  mechanical  effects;  the  proportion 
of  the  attracting  masses  can  be  determined. 

761.  Bstimation  of  central  masses  around  whiob  bodies 
revolve.  —  If  bodies  revolve  around  central  attracting  masses  as 
the  planets  revolve  around  the  sun,  and  the  satellites  around  their 
primaries,  the  ratio  of  the  attracting  forces,  and  therefore  that  of 
the  central  masses,  can  be  deduced  from  the  periods  and  distaneee 
of  the  revolving  bodies. 
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Thus  if  p  and  P^  be  the  periods  of  two  bodies  leyolying  around 
different  attracting  masses^  u  and  vf,  at  the  distances  r  and  r^,  we 
shall  have 

P  _  r      p'»__  r       P^ 


and  substituting  this  for  -—in  the  formula  found  in  (760),  we 


have 


M  _  r'     P_' 


By  this  principle  the  ratio  of  the  attracting  masses  can  always 
be  ascertained  when  the  periods  of  anybodies  revolving  around 
them  at  known  distances  are  determined. 

762.  Determination  of  tbe  ratio  of  tbe  masses  of  all 
planets  wbieli  liave  satellites,  to  tbe  mass  of  tbe  snn.— 
This  problem  is  nothing  more  than  a  particular  application  of  the 
principle  explained  above. 

To  solve  it  it  is  only  necessary  to  ascertain  the  period  and  dis- 
tance of  the  planet  and  the  satellite^  and  substitute  them  in  the 
formula  determined  in  (761).  The  arithmetical  operations  being 
executed;  the  ratio  of  the  masses  will  be  determined. 

763.  To  determine  tbe  ratio  of  tbe  mass  of  tbe  earth  to 
tbat  of  tbe  snn. — Since  the  earth  has  a  satellite^  this  problem 
will  be  solved  by  the  method  given  in  (762). 

If  r  and  r'  express  the  distances  of  the  earth  from  the  sun  and 
moon^  and  P  and  P^  the  periods  of  the  sun  and  moon^  we  shall 
have 


3  =  400 


P^_     27^_ 


r"     ^  p      365^-25     13-38 

r*     ,  p^  I 

—=64000000        -r=' f 

r'^      ^  p*     179024 

which  being  substituted,  and  the  operations  executed,  gives 

^=357500. 

This  quantity,  as  showing  the  ratio  of  the  mass  of  the  earth  to 
that  of  the  sun,  is  not  strictly  the  true  amount,  but  is  sufficiently 
close  as  an  illustration  of  the  method.  The  true  fraction,  the  stm 
bemg  unity,  is  ^:yW- 

764.  Masses    of  planets.  —  The  masses  of  the  planets  in 
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relation  to  tlie  sun  being  ascertained  by  the  various  methods  ex- 
plained in  (760)^  et  seq,,  and  the  ratio  of  that  of  the  sun  to  the 
earth  being  in  the  proportion  of  354936  to  i,  let  A'^'  express  the 
mass  related  to  that  of  the  earth;  and  2^^^  to  that  of  the  sun  as  the 
unit.    We  shall  then  have 

354936' 

By  which  A'"  may  be  inferred  fix)m  2'''. 

The  actual  weight  of  the  earth  in  trillions  of  tons  may  be  easily 
computed.  Haying  ascertained  the  linear  dimensions  and  the 
mean  density  of  the  earthy  it  is  a  question  of  mere  arithmetical 
labour  to  compute  its  volume  and  weight.  The  uncertainty  attend- 
ing the  determinations  of  the  mean  density  of  the  earth,  however, 
will  prevent  any  very  accurate  result.  For  example,  the  mean 
density  found  by  Mr.  Baily  was  5*67  times  that  of  water,  while 
that  resulting  from  the  Harton  experiments  was  6*57  times  greater 
than  that  of  water.  For  us  it  will  be  sufficient  to  adopt  the  former 
value,  which  is  used  generally  in  the  calculations  of  density  in 
various  parts  of  this  volume. 

Taking  the  dimensions  of  the  earth  at  a  little  less  than  8000 
miles  in  diameter,  its  volume  contains  about 

259,800  millions  of  cubic  miles,  or 
38,242,027,930  billions  of  cubic  feet. 

The  average  weight  of  each  cubic  foot  of  the  earth  being  5*67 
times  greater  than  the  weight  of  a  cubic  foot  of  water,  which  is 
found  to  be  equal  to  1000  ounces  or  62*5  lbs.  (H.  71),  is,  there- 
fore, 354*375  lbs.,  or  o*  1587  of  a  ton.  It  follows,  consequently, 
that  tiie  total  weight  of  the  earth  amounts  to 

6,069,009,832  billions,  or 

6,069  trillions  of  tons. 

Let  the  actual  weight  of  the  earth  in  trillions  of  tons  be  there- 
fore 6069,  and  let  the  weight  of  any  other  mass  in  trillions  of  tone 
be  8''^,  we  shall  have 

r'=A'''x6o6g. 

765.  Tlie  densities. — The  mean  densities  being  the  quotients 
obtained  by  dividing  the  volumes  by  the  masses,  and  adopting  the 
mean  density  of  the  earth  related  to  that  of  water  as  determined  by 
Mr.  Baily,  the  unit  being  5-67  (80),  let  the  mean  density  of  an^  <it 
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the  other  bodies  related  to  that  of  tiie  earth  as  the  indt  be  x,  and 
leUted  to  water  j/^  and  we  shall  haye 


*n 


x=^       y=xxs-67. 

It  is  evident,  howeyer,  that  if  the  yalue  6*57  resulting  firom  the 
experiments  made  in  the  Harton  Colliery^  under  the  superintend- 
ance  of  the  Astronomer  Royal^  were  used,  considerable  differences 
would  be  shown  in  the  used  mean  densities,  in  relation  to  that 
of  water,  of  all  the  bodies  of  the  solar  system.  It  is  only  an  example 
of  the  difficulty  of  obtaining  accurate  data,  let  the  experiments  be 
conducted  in  the  most  caredful  and  unobjectionable  manner.  Both 
yalues  are  considered  trustworthy,  so  &r  as  the  details  of  the 
different  methods  will  allow,  no  preference  can,  therefore,  be  giyen 
to  either  one  or  other  of  these  determinations.  Howeyer,  as  that 
resulting  from  the  Cayendish  experiment  of  Mr.  Baily  has  generally 
been  used  in  the  comparison  of  the  different  densities  of  the 
planets,  we  haye  adopted  it,  as  already  explained,  in  yarious  parts  of 
this  volume. 

766.  Certain  data  not  ezaetly  aaoertalnad. — It  will  be  use- 
ful, therefore,  to  observe  that  in  the  determination  of  several  of 
these  data,  the  results  of  the  observations  and  computations  of 
astronomers  are  to  a  certain  extent  at  variance,  and  a  correspond- 
ing uncertainty  attends  such  data,  as  well  as  all  conditions  which< 
depend  on  them  or  are  derived  by  calculation  from  them,  as  pre- 
viously explained  respecting  the  densities  of  planets.  This  is  more 
especially  the  case,  however,  with  the  masses  of  those  planets) 
which  are  unaccompanied  by  satellites,  and  consequentiy  with  the 
densities  which  are  ascertained  by  dividing  the  masses  by  the 
volumes. 

767.  Bxample  of  tbe  masses  and  densities  of  some  planets. 
— As  an  example  of  the  character  and  extent  of  these  discrepancies, 
we  give  the  following  estimates  of  the  masses  of  some  of  the 
principal  planets  expressed  as  fractions  of  the  mass  of  the  sun ; 
the  colunm  A  contains  the  values  published  in  the  AnnMaire  du 
Bureau  des  Longitudes ;  the  column  £  contains  the  yalues  assigned 
by  Professor  Encke,  from  a  comparison  of  all  the  iftuthorities,  except 
that  of  Neptune,  which  is  given  on  the  authority  of  Professor 
Pierce,  who  has  devoted  considerable  attention  to  the  theoretical 
investigations  of  the  motion  of  this  planet ;  and  the  columns  L  and 
M  the  values  given  in  the  treatises  lately  pubHahed  in  Germany  by 
Professors  Littrow  and  Madler. 
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Mbrcurt 
Vbnus  - 
Earth  - 
Mars   -   - 

Uranus  - 
Nkptune 

A. 

E. 

L. 

M. 

X 

I 

X 

X 

2025810 

4865751 
X 
401839 
I 

2025810 
X 

4870333 
I 

401847 

I 

405871 
I 

401718 
I 

354936 

X 

38955X 
I 

355000 
X 

355499 

X 

2680337 

I 

24000 
I 

2680337 

I 

24905 

I 
X8780 

2546320 

I 

21000 

I 
19000 

2680500 

X 

14516 

I 

1445? 

14446 

It  will  be  observed  that  in  Tables  m.  IV.  and  V.^  the  quantities 
are  in  all  cases  reduced  to,  and  expressed  in,  those  actual  standard 
measures  and  weights  with  which  all  persons  are  familiar.  The 
utility  of  this  was  very  forcibly  expressed  and  very  happily  illus- 
trated by  the  Astronomer  Koyal,  in  the  popular  lectures  delivered 
by  him  at  Ipswich  in  March,  1 848. 

768.  Zntensl^  of  solar  Ufflit  and  beat. — Since  the  intensity 
of  solar  radiation  decreases  as  the  square  of  the  distance  from  the  * 
sun  decreases,  if  y  expresses  its  intensity  at  the  mean  distance  of 
any  planet  relative  to  its  intensity  at  the  earth,  as  the  unit,  we 
shall  have 

I 
a* 


769.  Superfiolal  gravity. — The  superficial  gravityof  a  spherical 
body  being  in  proportion  to  its  mass,  divided  by  the  square  of  its 
semi-diameter,  and  the  height  through  which  a  body  falls  upon 
the  surface  of  the  earth  in  one  second  being  16 "08  feet,  let^  ex- 
press the  superficial  gravity  of  a  spherical  body  related  to  tiat  of 
the  earth  as  the  unit,  and  let^^  express  the  height  through  which 
a  body  submitted  to  it  would  fall  in  one  second,  and  we  ^all  have 


.w 


^=-^' 


/=/x  i6-o8. 


770.  Orbital  Tolooltles. — It  is  easy  to  show  that  it  follows  as 
a  necessary  consequence  of  the  harmonic  law,  which  is  explained 
in  a  subsequent  part  of  this  chapter,  that  the  mean  orbital  veloci- 
ties of  the  planets  are  in  the  inverse  ratio  one  to  another  of  the 
square  roots  of  the  distances ;  for  since  these  velocities  are  propor- 
tional to  the  circumferences,  or,  what  is  the  same,  the  semi-di8jm&tf«% 
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of  the  orbits^  divided  bj  the  periods,  thej  are  proportional  to  —  ; 
but  since,  by  the  harmonic  law,  p*  is  proportional  to  o*,  the  velo- 
cities will  be  proportional  to  -^,  or,  what  is  the  same^  to   -^  that 

is,  inversely  proportional  to  the  square  roots  of  the  mean  distances. 
This  being  understood,  and  the  mean  orbital  velocity  of  the 
earth  expressed  in  miles  per  hour  being  68,093,  let  T  be  the  mean 
velocity  of  a  planet  related  to  that  of  the  earth  as  the  iinit^  and  V 
its  mean  velocity  in  miles  per  hour,  and  we  shall  have 

v=— ,       y=TX  68093; 

and  since  the  ratio  of  miles  per  hour  to  feet  per  second  is  that 
of  5280  to  3600,  if  v"  be  the  velocity  in  feet  per  second^  we  shall 
have 

360 

771.  Superlloial  veloci^  of  rotation.  —  The  superficial  ve- 
locity of  a  planet  at  its  equator  in  virtue  of  its  diurnal  rotation  is 
found  by  comparing  the  circumference  of  its  equator  with  the  time 
of  its  rotation.  By  the  elementary  principles  of  geometry,  the  cir- 
cumference  of  a  circle  whose  diameter  is^,  is^X3'i4i6,  and  if  T 
express  the  time  of  rotation  in  hours,  we  shall  have  for  v,  the 
velocity  of  rotation  in  miles  per  hour 

8X  3*1416 

v= ^ — ^ — : 

which  may  be  reduced  to  feet  per  second,  as  before,  by 

360 

772.  Solar  gravitation. —  The  general  law  of  gravitation  sup- 
plies easy  and  simple  means  by  which  the  force  of  the  sim's 
attraction  at  the  mean  distance  of  each  of  the  planets  maybe 
brought  into  immediate  comparison  with  the  known  force  of  gravity 
at  the  surface  of  the  earth. 

Let  this  latter  force  be  expressed  by  g.  It  will  decrease  in  the 
same  ratio  as  the  square  of  the  distance  of  the  body  affected  by  it 
increases.  The  distance  of  the  sim  being  24^000  semi-diameteis 
of  the  earth,  the  intensity  of  the  attraction  which  the  earth's  mass 
would  exert  at  that  distance  would  be 
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9  _  ^ 

?"  24000  X  24000     576,000,000' 

But  the  mass  of  the  sun  being  3  54^936  times  that  of  the  earthy 
iii    it  will  at  the  same  distance  exert  an  attraction  354,936  times 
greater.    The  intensity  of  the  attraction,  therefore,  which  the  sun 
^    exerts  at  the  earth's  mean  distance  will  be 

■' 

V  J,  y  354936 g_. 

in  24000*     1623 ' 

d 

and  the  intensity  of  its  attraction  at  the  mean  distance  of  the  other 
planets  being  still  inversely  as  the  squares  of  the  distances,  will  be 
found  by  dividing  this  by  o'*.  So  that  if  G  express  this  attraction, 
and  F  the  height,  in  thousandths  of  an  inch,  tlu*ough  which  a  body 

\     placed  at  each  distance  would  fall  in  one  second,  we  shall  have 


Qi'=^—^ — -,    P=  16080  X  12  X  G  =  IQ2q60G. 
1623a*  "    ^ 

By  the  numbers  given  in  the  column  G,  it  is  there  to  be  under- 
stood that  a  mass  of  matter  which,  placed  upon  the  surface  of  the 
earth,  would  weigh  the  number  of  pounds  expressed  by  the  deno- 
minators of  the  fractions  severally,  would,  if  submitted  only  to  the 
sun's  attraction  at  the  respective  mean  distances  of  the  planets, 
gravitate  to  the  sun  with  the  force  of  one  pound.  Thus,  a  mass 
which  on  the  earth's  surface  would  weigh  1623  lbs.,  would  weigh 
only  one  pound  if  exposed  to  the  sun's  attraction  in  the  absenceof  the 
earth.  In  like  manner,  a  mass  which  upon  the  earth's  surface  would 
weigh  1,478,673  lbs.,  or  660  tons,  would,  if  exposed  to  the  sun's 
attraction  at  the  mean  distance  of  Neptune,  weigh  only  one  pound, 
so  extremely  is  the  intensity  of  solar  attraction  enfeebled  by  the 
enormous  increase  of  distance.     (Table  V.) 

The  numbers  given  in  the  column  F  have  a  more  absolute  sense, 
and  express  in  thousandths  of  an  inch  the  actual  spapes;  through 
which  a  body  would  be  drawn  in  one  second  of  time  W  the  sun's 
attraction  at  the  mean  distances  of  the  planets  severally. 

773.  Calonlatlon  of  tlie  central  force  of  gravis  by  tbe 
▼elocity  and  oorvature  of  a  body. — The  space  through  which 
any  central  attraction  would  draw  a  body  in  a  given  time  can  be 
easily  calculated,  if  the  body  in  question  moves  in  a  circular,  or 
nearly  circiilar,  orbit  around  such  a  centre,  as  all  the  planets  and 
satellites .  do. 

Let  E,  Hg,  104,  be  the  centre  of  attraction,  and  E  m  the  distance 
or  radius  vector.    Let  w  m'  ==  v,  the  linear  velocity.    Let  m  nf  and 
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nn/he  drawn  at  right  angles  to  B  m^  and  therefore  parallel  to  each 
other.   The  velocity  m  mf  maj  be  considered  as  oompounded  of  two 
forces  (M.  1 69)^  one  in  the  direction  m  vf  of  the  tangent^ 
:    and  the  other  m  n  directed  towards  the  centre  of 
attraction  B.    Now  if  the  body  were  deprived  of  its 
tangential  motion  m  nfj  it  would  be  attracted  towaids 
the  centre  E,  through  the  space  m  91^  in  the  unit  of 
time.    By  means  of  this  space^  therefore^  the  force 
which  the  central  attraction  exerts   at  m  can  be 
brought  into  direct  comparison  with  the  force  which 
terrestrial  gravity  exerts  at  the  surface  of  the  earth 
It  follows^  therefore,  that  if/  express  the  space 
through  which  such  a  body  would  be  drawn  in  the 
imit  of  time,  fEdling  freely  towards  the  centie  of  at- 
traction, we  shall  have  f=^mn.    But  by  the  ele- 
mentaiy  principles  of  geometry. 


E 

Fig.  104. 


Therefore, 


mnx  2  Bm=mm^, 


that  is,  the  space  through  which  a  body  would  be  drawn  towanb 
the  centre  of  attraction,  if  deprived  of  its  orbital  motion,  in  the  unit 
of  time,  is  found  by  dividing  the  square  of  the  linear  orbital  velocity 
by  twice  its  distance  from,  the  centre  of  attraction. 

Since  v=     ,    ^    we  shall  also  have 


206265 


/ 


.__      r  X  o" 


'2  X  206265* 


The  attractive  force,  or,  what  is  the  same,  the  space  through 
which  the  revolving  body  would  be  drawn  towards  the  centre  in  tibe 
unit  of  time,  can,  therefore,  be  always  computed  by  these  formuhoy 
when  its  distance  from  the  centre  of  attraction  and  its  linear  or 
angular  velocity  are  known. 

Since 

_ 1206000 


which  being  substituted  for  a  in  the  preceding  fonnula,  will  give 

/=4i254ix^; 
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by  wMch  the  attractiye  foTce  may  always  be  calculated  when  the 
distance  and  period  of  the  revolying  body  are  known. 

774.  Xaw  of  graTitatlon  sliown  in  the  case  of  the  moon. 

— The  attraction  exerted  by  the  earthy  at  its  surface^  may  be 
compared  with  the  attraction  it  exerts  on  the  moon  by  these 
formulae. 

In  the  case  of  the  moon  y=o*63  56  miles^  and  r=  239;000  mileS; 
and  by  calculations  from  these  data^  we  find 


loch. 


fz=s  o'oooooo8459""*'=o*o536 

The  attraction  exerted  by  the  earth  at  the  moon's  distance  would^ 
therefore,  cause  a  body  to  fall  through  536  ten-thousandths  of  an 
inch^  while  at  the  earth*s  surface  it  woidd  fall  through  193  inches 
(M  245). 

The  intensity  of  the  earth's  attraction  on  the  moon  is^  therefore, 
less  than  its  attraction  on  a  body  at  the  surface,  in  the  ratio  of 
1,930,000  to  536,  or  3600  to  I,  or,  what  is  the  same,  as  the  square 
of  60 to  I. 

But  it  has  been  shown  that  the  moon's  distance  from  the  earth's 
centre  is  60  times  the  earth's  radius.  It  appears,  therefore,  that 
in  this  case  the  attraction  of  the  earth  decreases  as  the  square  of 
the  distance  from  the  attracting  centre  increases;  and  that  conse- 
quently, the  same  law  of  gravitation  prevails  as  in  the  elliptic  orbit 
of  a  planet. 

775.  Sun's  attraction  on  planets  compared — law  of  graTi- 
tatlon  ftelfllled. — In  the  same  manner,  exactly,  the  attractions 
which  the  sun  exerts  at  different  distances  maybe  computed  by  the 
motions  and  distances  of  the  planets.  The  distance  of  a  planet  gives 
the  circumference  of  its  orbit,  and  this,  compared  with  its  periodic 
time,  will  give  the  arc  through  which  it  moves  in  a  day,  an  hour,  or 
a  minute.  This,  represented  by  m  m'.  Jig,  104,  being  known,  the 
space  m  n  through  which  the  planet  would  fall  towaixls  the  sun  in 
the  same  time  may  be  calculated,  and  this  being  done  for  any  two 
planets,  it  will  be  found  that  these  spaces  are  in  the  inverse  ratio  of 
the  squares  of  their  distances. 

Thus,  for  example,  let  the  earth  and  Jupiter  be  compared  in  this 
manner.  If  d  express  the  distance  from  the  sun  in  miles,  p  the 
period  in  days,  A  the  arc  of  the  orbit  in  miles  described  by  the 
planet  in  an  hour,  and  H  the  space  m  n  in  miles,  through  which  the 
planet  would  fall  towards  the  sun  in  an  hour  if  the  tangential  force 
were  destroyed,  we  shall  then  have 
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But  bj  the  law  of  grayitation 

/:/  ::  r«  :  1^, 

therefore 

r^:r»::rXa«:r'Xc/», 

and  consequentlj 

But  the  angles  described  in  the  unit  of  time  are  found  by  diyiding 
360°  bj  the  periodic  times.    Therefore^ 

360^  ^_  360^ 

and  consequentlj 

which  iS;  in  fact^  the  harmonic  law. 

779.  Xepler'a  laws.  —  The  three  great  planetary  laws  dis- 
covered by  Kepler,  and  which  are  generally  known  by  his  name^ 
are  i,  the  equable  description  of  areas;  2,  the  elliptic  form  of 
the  orbits ;  and  3,  the  harmonic  law,  which  has  been  explained 
above.  Kepler  deduced  them  as  matter  of  fact  from  the  recorded 
observations  of  himself  and  other  astronomers,  but  failed  to  show 
the  principle  by  which  they  were  connected  with  each  other. 
Their  interpretation  was  given  by  Newton,  who  showed  their  con- 
nection. 

We  must  refer  those  of  our  readers  who  desire  an  extended 
theoretical  knowledge  of  the  movements  of  the  solar  system, 
including  the  application  of  these  celebrated  laws  of  Kepler,  to 
those  special  works  on  the  higher  branches  of  astronomy,  which 
have  been  prepared  solely  for  the  assistance  of  students  of  this 
science.  It  is  not  the  object  of  this  work  to  enter  fully  into 
questions  requiring  the  use  of  mathematical  analysis  for  their 
elucidation,  as  indeed,  the  limited  space  allotted  to  this  volume 
would  not  allow  us  to  do ;  but  it  has  been  the  endeavour  to  give  a 
general  idea  of  the  peculiarities  of  the  various  members  of  the 
solar  system  in  a  plain  and  popular  manner,  without  disturbing  the 
reader  with  mathematical  symbols  in  the  explanations. 

780.  Tbe  apparent  motion  of  an  inferior  planet.  — Before 
proceeding  to  exhibit  in  a  synoptical  table  the  principal  elements 
of  the  various  planets  composing  the  solar  system,  it  will  be  proper 
in  this  place  to  give  a  simple  explanation  of  the  apparent  motions 
of  an  inferior  and  a  superior  planet  in  reference  to  the  earth.  To 
deduce,  therefore,  the  apparent  from  the  real  motion  of  an  inferior 
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planet,  let  B,  ^.  roj,  ba  the  place  of  the  earth,  *  that  of  the  mm, 

and  e  6  c'  B  the  orbit  of  the  planet.;  the  direction  of  the  plaoet's, 

motion  being  shown  bj  the  arrows, 

the  positions  which  it  assmaea  buc- 

ceBsiTel7  ore  indicated  at  c*,  i^,  e,  a,  e, 

b,  i,  and  V.     Since  the  earth  movaa 

round  the  Bun  iu  the  same  direction 

as  the  planet,  the  apparent  motion  of 

the  sun  t  will  be  from  the  left  to  the  , 

right  of  an  obeerreT  looking  &om  B 

« ;  and   aince  this  motion   is  always     ' 

from  west  I'D  east,  the  planet  will  bo 

-west  of  the  sun  when  it  is  anywhere 

in  the  semicircle  c  if*  6' c',  and  east  of 

it  whenitis  anywhere  in  the  Bemicirelo 

c'ff'eoc. 

The  elongation  (272)  of  the  planet, 

being  the  angle  formed  by  lines  drawn 

to  the  Bun  and  planet  from  the  earth, 

-win  always  be  east  when  the  planet 

ia  in  the  semiciTcle  <f  e  e,  and  west 

-when  in  the  srauicircle  <f  ^  c.  Fif.  105. 

The  planet  will  have  its  greatest 
elongation  east  when  the  line  E  e  directed  to  it  from  the  earth  is 
a  tangent  to  ita  orbi^  and  iu  like  manner  its  greatest  elongation 
weat  when  the  line  x  «*  is  a  tangent  to  the  orbit. 

In  these  positions  the  angle  4eB,orje'£,  at  the  planet  is  90°, 
and  consequently  the  elongation  and  the  angle  e  1  £,  or  e*  «  B  at 
the  sun,  tf^en  together,  make  up  90°. 

It  appears,  therefore,  that  the  greatest  elongation  of  an  inferior 
planet  mnet  be  less  than  90°. 

If  the  earth  were  stationoiy  the  real  orbital  motion  of  the  planet 
would  give  it  an  apparent  motion  alternately  east  and  west  of  the 
Sim,  extending  to  a  certain  limited  distance,  resembling  the  oscil- 
lation of  a  pendulum.  "While  the  planet  moTes  &om  </  to  «,  it 
-will  appear  to  depart  from  the  smi  eastward,  and  when  it  movee 
&om  «  to  c,  it  wiU  appear  \a  return  to  the  sun ;  the  elongation  in 
the  fitnuet  case  constantly  increasing  till  it  attain  its  maximum 
eastward,  and  in  the  latter  constantly  decreasing  tUl  it  become 
nothing.  It  is  to  be  observed,  that  the  orbital  arc  </  «  being  greater 
than  e  e,  the  time  of  attaining  the  greatest  eastern  elongation 
after  saperior  conjunction  is  greater  than  the  time  of  returning  to 
the  ann  from  the  greatest  elongation  to  inferior  conjunction. 

AAer  inferior  conjunction,  while  the  planet  passes  from  c  to  e*, 
ita  elongation  constantly  increases  from  nothing  at  c  to  ita  marimum 
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west  at  (f\  and  when  the  planet  moves  from  e'  to  c^,  it  again 
decreases  until  it  becomes  nothing  at  superior  conjunction.  Since 
the  orbital  arcs^  c  e'  and  e'  </,  are  respectively  equal  to  c  e  and  cf  e, 
it  follows,  that  the  interval  from  inferior  conjunction  to  the  great- 
est elongation  west,  is  equal  to  the  interval  from  the  greatest  elon- 
gation east  to  inferior  conjunction.  In  like  manner,  the  interval 
from  superior  conjunction  to  the  greatest  elongation  east^  is  equal  to 
the  interval  from  the  greatest  elongation  west  to  superior  conjunction. 

The  oscillation  of  the  planet  alternately  east  and  west  is  there- 
fore made  through  the  same  angle  —  that  is,  the  angle  e  E  e',  in- 
cluded by  tangents  drawn  to  the  planet's  orbit  from  the  earth;  but 
the  apparent  motion  from  the  greatest  elongation  west  to  the 
greatest  elongation  east,  is  slower  than  the  apparent  motion  from 
the  greatest  elongation  east  to  the  greatest  elongation  west;  in  the 
ratio  of  the  length  of  the  orbital  arcs  ecf  et  toec  ef. 

The  planet  being  included  within  the  orbit  of  the  earth,  the 
orbital  motion  of  the  earth  will  give  it  an  apparent  motion  in  the 
ecliptic,  in  the  same  direction  as  the  apparent  motion  of  the  sun ; 
but,  since  the  apparent  motion  of  a  visible  object  increases  as  its 
distance  decreases,  and  vice  versd,  and  since  the  planet  being  at  a 
considerable  distance' from  the  centre  of  the  earth's  orbit,  the 
distance  of  the  earth  from  it  is  subject  to  variation,  the  apparent 
motion  imparted  to  the  planet  by  the  earth's  orbital  motion,  will 
be  subject  to  a  proportionate  variation,  being  greatest  when  the 
planet  is  in  inferior  conjunction,  and  least  when  in  superior  con- 
junction. 

The  apparent  motion  of  the  planet,  as  it  is  projected  upon  the 
firmament  by  the  visual  ray,  arises  from  the  combined  effect  of  its 
own  orbital  motion  and  that  of  the  earth.  Now  it  is  evident,  from 
what  has  been  just  explained,  that  the  effect  of  the  planet's  own 
motion,  is  to  give  it  an  apparent  motion  from  west  to  east,  while 
passing  from  its  greatest  elongation  west,  through  superior  con- 
junction, to  its  greatest  elongation  east,  and  a  contrary  apparent 
motion  from  east  to  west,  while  passing  from  its  greatest  elonga- 
tion east,  to  its  greatest  elongation  west,  through  inferior  con- 
junction. 

But  since,  in  all  positions,  the  effect  of  the  orbital  motion  of  the 
earth,  is  to  give  the  planet  an  apparent  motion  directed  from  west 
to  east,  both  causes  combine  to  impart  to  it  this  apparent  motion, 
while  passing  from  its  western  to  its  eastern  elongation,  through 
superior  conjunction.  On  the  other  hand,  the  effect  of  the  orbital 
motion  of  the  planet  being  an  apparent  motion  from  east  to  west  in 
passing  from  its  eastern  to  its  western  elongation,  through  inferior 
conjunction,  while,  on  the  contrary,  the  earth's  motion  imparts  to  it 
an  apparent  motion  from  west  to  east,  the  actual  apparent  motion 
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of  the  planet^  resulting  from  the  difference  of  these  effects,  will  be 
westward  or  eastward,  according  as  the  effect  of  the  one  or  the 
other  predominates,  and  the  planet  will  appear  stationary  when  these 
opposite  effects  are  equal. 

In  leaving  the  greatest  eastern  elongation,  the  effect  of  the 
earth's  motion  predominates,  and  the  apparent  motion  of  the  planet 
continues  to  be,  as  beford,  eastward.  As,  in  approaching  inferior 
conjunction,  the  direction  of  the  planet's  motion  becomes  more  and 
more  transverse  to  the  visual  line,  and  the  distance  of  the  planet 
decreases,  the  effect  of  the  planet's  motion  increasing  becomes,  at 
length,  equal  to  the  effect  of  the  earth's  motion,  and  the  planet 
then  becomes  stationary.  This  takes  place  at  a  certain  elongation 
east.  After  this,  the  effect  of  the  planet's  motion  predominating, 
the  apparent  motion  becomes  westward,  and  this  westward  motion 
continues  through  inferior  conjunction,  imtil  the  planet  acquires 
a  certain  elongation  west,  equal  to  that  at  which  it  previously  be- 
came stationary.  Here,  the  effects  becoming  again  equal,  the 
planet  is  again  stationary,  after  which,  the  effect  of  the  earth's 
motion  predominating,  the  apparent  motion  becomes  eastward,  and 
continues  so  to  the  greatest  elongation  west,  after  which,  as  before, 
both  causes  combine  in  rendering  it  eastward. 

781 .  Apparent  motion  as  projected  on  the  ecliptic. — From 
what  has  been  explained  in  the  preceding  paragraph,  the  apparent 
motion  of  the  planet  on  the  firmament  will  be  easily  understood. 
Let  A,  B,  E,  F,  K.,  fig,  1 06,  represent  the  ecliptic  in  which  the 
planet  is  at  present  supposed  to  move.    While  passing  from  its 

\  western  to  its  eastern  elongation,  it  appears  to  move  in  the  same 
\  direction  as  the  sun,  from  A  towards  b.  As  it  approaches  B,  its 
apparent  motion  eastward  becomes  gradually  slower  until  it  stops 
altogether  at  b,  and  becomes  for  a  short  interval  stationary ;  it  then 
moves  westward,  returning  upon  its  course  to  c,  where  it  again  be- 
comes stationary  \  after  which  it  again  moves  eastward,  and  con- 
tinues to  move  in  that  direction  tiU  it  arrives  at  a  certain  point  D, 
where  it  again  becomes  stationary  \  and  then,  returning  upon  its 
course,  it  again  moves  westward  to  e,  where  it  again  becomes 
stationary ;  after  which,  it  again  changes  its  direction  and  moves 
eMtwaid  to  P,  where,  after  being  stationaiy,  it  turns  westward, 
and  so  on. 

The  middle  points  of  the  arcs  b  c,  d  e,  p  g,  &c.  of  retrogression 
are  those  at  which  the  planet  is  in  inferior  conjunction  \  and  the 
middle  points  of  the  arcs  c  D,  E  F,  G  H,  &c.  of  progression  are  those 
at  which  the  planet  is  in  superior  conjunction. 

782.  Apparent  motion  of  a  superior  planet. —  To  deduce 
the  apparent  motion  of  a  superior  planet  from  the  real  orbital 
motions  of  the  earth  and  the  planet,  let  s,  fi>g,  107,  be  th^-^^^sbK^ 
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of  the  sun,  P  that  of  the  planet,  and  s  e'b'''  b''  the  orlrit  of  1i« 
earth  included  within  that  of  the  planet,  the  direction  of  tin 
motions  of  the  earth  and  planet  being  indicated  bjr  the  azrows. 


Fig,  io6k 

When  the  earth  is  at  E%  the  sun  s  and  planet  p  are  in  the  same 
visual  line,  and  the  planet  is  consequently  in  conjunction.  When 
the  earth  moves  to  e^,  the  elongation  of  the  planet  west  of  the  sun 
is  s  c'  p.  This  elongation  increasing  as  the  earth  moves  in  its 
orbit,  becomes  90°  at  e',  when  the  visual  direction  b'  p  of  tiie 
planet  is  a  tangent  to  the  earth's  orbit,  and  the  planet  is  then  in  its 
western  quadrature. 

While  the  earth  continues  its  orbital  motion  to  c'",  the  elonga- 
tion  west  of  the  sun  continues  to  increase,  and  at  length,  when 
the  earth  comes  to  the  position  E,  it  becomes  1 80°,  and  the  planet 
is  in  opposition. 

After  passing  e,  when  the  earth  moves  towards  c",  the  elonga- 
tion of  the  planet  is  east  of  the  sun,  and  is  less  than  1 80°,  but 
greater  than  90**.  As  the  earth  continues  to  advance  in  its  orbit, 
the  elongation  decreasing  becomes  90**  when,  at  e'',  the  visual 
direction  of  the  planet  is  a  tangent  to  the  earth's  orbit.  The 
planet  is  then  in  its  eastern  quadrature. 
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As  the  earth  moves  &om  E"  to  E'",  the  elnngKtion,  being  still 
etut,  coastautlj'  decreaaea  until  it  heconiea  nothing  at  e"',  where 
tlie  planet  ia  in  conjunction. 

783.   Direct   and   rMrorrade  || 
moUoB.  —  If  the  planet  were  im- 
movable, the  effect  of  the  eftrth's 
motion  would  be  b>  give  it  an  oacil- 
latory  motion  alternately  eaattraril 
and  weatwerd  through   the  an^'le 
b'  p  e",   which   the  earth's   ortit 
Bubtende   at    the   planet      While 
the  earth  moves  fiim  E"  througli  '[ 
B'"  to  if,  the  planet  would  appear   I 
to  move  fiosfajard  througli  the  angle 
X'  P  e'',  and  while  the  earth  moves 
from  e'  through  e  to  e",  it  wouiil  11 
appear  to  move  Kettmard  through   I 
the  same  angle. 

Thua  tie  effect  of  the  earth's  1 
tion  alone  is  to  make  the  planet  I 
appear  to  move  fiom  east  to  west, 
and  &om  west  to  east  alternately, 
through  a  certain  arc  of  the  ediptic,  the  length  of  which  will 
depend  on  the  relaijou  between  the  distances  of  the  enrth  and 
planet  from  the  sun,  the  arc  being,  in  fact,  measured  b;  the  angle 
which  the  earth's  orbit  subtends  at  the  planet^  and,  consequentlv, 
this  angle  of  apparent  oscillation  will  decrease  in  the  same  ratio 
as  the  distance 'of  the  planet  increases. 

The  times  in  which  the  two  oecillatioos  eastward  and  westwai'd 
woold  be  made  ara  not  equal,  the  time  from  the  western  to  the 
eastern  quadratm«  being  lesa  than  the  time  irom.  the  eastern  to  the 
western  quadrature,  in  the  ratio  of  the  orbital  arc  x'  E  E"  to  the 

It  is  evident,  therefore,  that  the  more  distant  the  planet  P  is, 
the  less  unequal  will  be  these  arcs,  and  coosequentl;  the  less 
unequal  will  tjie  intervals  be  between  quadrature  and  quadrature. 

But,  meanwhile,  the  earth  being  included  within  the  orbit  of 
.  thp  planet,  the  effect  of  the  planet's  orbital  motion  will  be  to  give 
it  an  apparent  motion  in  the  ecliptic,  always  in  the  same  direction 
in  which  the  eoo  would  more  when  in  the  same  place,  and  there- 
fore always  eastward  or  direct 

This  apparent  motion,  though  alw^s  direct,  is  not  unifonn, 
nace  it  incieaaee  in  the  same  ratio  aa  the  distance  of  &e  earth 
from  the  planet  decreases,  and  vice  vertd.  This  apparent  motion 
thus  doe  to  tlie  planet's  own  orbital  motion,  is  therefore  greater 
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from  western  to  eastern  quadrature^  than  from  eastern  to  western 
quadrature. 

From  eastern  to  western  quadrature,  through  conjunction^  the 
apparent  motion  of  the  planet  is  direct^  because  both  its  own 
orbital  motion  and  that  of  the  earth  combine  to  render  it  sa 
From  western  quadrature,  as  the  planet  approaches  opposition,  the 
effect  of  the  earth's  motion  is  to  render  the  planet  retrograde, 
while  the  effect  of  its  own  motion  is  to  render  it  direct.  On 
leaving  quadrature  the  latter  effect  predominates,  and  the  apparent 
motion  is  direct ;  but  at  a  certain  elongation  before  arriving  at 
opposition,  the  effect  of  the  earth's  motion  increasing,  becomes 
equal  to  that  of  the  planet,  and,  neutralising  it,  renders  the  planet 
stationary ;  after  which,  the  effect  of  the  earth's  motion  predomi- 
nating, the  planet  becomes  retrograde,  and  continues  so  until  it 
acquires  an  equal  elongation  east,  when  it  again  becomes  stationary, 
and  is  afterwards  direct,  and  continues  so. 

784.  Apparent  motion  as  projected  on  tlie  eeliptlc. — Let 
A,  Jig.  106,  represent  the  place  of  a  superior  planet  when  moving 
from  its  western  quadrature  towards  conjunction,  its  apparent  motion 
being  then  direct.  Let  b  be  the  point  where  it  becomes  stationary 
after  its  eastern  quadrature;  its  apparent  motion  then  becoming 
retrograde,  it  appears  to  return  upon  its  course  and  moves  westward 
to  c,  where  it  again  becomes  stationary  j  after  which  it  again  returns 
on  its  course  and  moves  direct  or  eastward,  and  continues  so  until 
it  arrives  at  a  certain  point  B,  after  its  western  quadrature,  when  it 
again  becomes  stationary,  and  then  again  retrogrades,  moving 
through  the  arc  B  E,  which  wUl  be  equal  to  b  c ;  after  which  it 
will  again  become  direct,  and  so  on. 

The  places  of  the  planet's  opposition  are  the  middle  points  of  the 
arcs  of  retrogression  b  c,  B  e,  f  g,  &c.  ;  and  the  places  of  conjunction 
are  the  middle  points  of  the  arcs  of  progression  c  B,  e  p,  g  h,  &c. 

It  is  evident  from  the  preceding  explanation,  therefore,  that  the 
apparent  motion  of  a  superior  planet  projected  on  the  ecliptic  is  in 
all  respects  similar  to  that  of  an  inferior  planet,  the  difference 
being,  that  in  the  latter  the  middle  point  of  the  arc  of  retrogres- 
sion corresponds  to  inferior  conjunction,  while  in  the  former  it 
corresponds  to  opposition. 

It  wiU  be  apparent,  from  what  has  been  shown,  that  the  angle 
which  the  earth  gains  upon  the  planet  in  the  interval  between  its 
western  and  eastern  quadratures,  is  the  angle  which  the  earth's 
orbit  subtends  at  the  planet,  or  twice  the  annual  parallax  of  the 
planet  (165). 

Though  not  bearing  immediately  on  the  subject  of  this  paragraph, 
it  will  not  be  entirely  out  of  place  to  explain  here  the  daily  synodic 
motion  of  a  planet.    The  daily  synodic  motion  is  the  angle  by 
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ioi  wMcli  the  planet  departs  from  or  approaches  to  the  earth  in  its 

course  around  the  sun.    Thus  if  A  express  in  degrees  the  angle 

■■  formed  by  two  lines  drawn  from  the  sun^  one  to  the  planet  and  the 

■(■  other  to  ike  earth,  the  daily  synodic  motion  will  be  the  daily  in- 

m  crease  or  decrease  of  a  produced  by  the  motions  of  the  earth  and 
jm  planet.  For^  since  the  earth  and  planet  both  move  in  the  same 
Irii  direction  around  the  sun^  with  different  angular  motions^  the 
]g  increase  or  decrease  of  A  will  be  the  difference  of  their  motions. 
^K  785.  Synoptio  table  of  the  principal  elements  of  tlie 
0f  planetary  orbits.  —  In  Table  I.  are  given  the  elements  of  the 
Bjf  planetary  orbits  as  referred  to  the  epoch  specially  assigned  for 
gif  each  planet.  Those  of  the  more  recently  discovered  planetoids 
^  must  be  regarded  somewhat  provisionally,  and  probably  will  be  cor- 

0  rected  when  their  positions  have  been  more  accurately  determined 
1^^  hj  observation.    In  the  majority,  however,  the  elements  as  given 

in  the  Table  have  been  determined  with  considerable  accuracy  by 
gl  the  several  authorities  whose  names  are  mentioned  in  the  ?ast 
^  column. 

^      The  elements  of  Daphne  were  obtained  from  the  few  observa- 
^  tions  made  during  its  i^ort  period  of  visibility  at  the  date  of  its 

i  discovery,  and  probably  require  considerable  correction, 
r  gi  The  numbers  inserted  for  the  elements  of  the  very  recently  dis- 
^  covered  planet  @,  will  possibly  also  require  correction,  when 
^  sufficient  observations  of  the  planet  have  been  obtained  over  a 
mg  larger  portion  of  the  orbit  than  that  from  which  the  inserted  ele- 
^  ments  were  determined.  Its  sidereal  period  and  mean  distance 
_^  with  respect  to  the  other  planetoids  must  be  only  considered  ap- 
proximate. 
^  ^  The  planets  in  the  following  table  are  arranged  in  the  order  of 
Jl  distance  from  the  sun,  the  elements  of  the  orbits  of  each  planet 

jj  being  inserted  as  follows :  — 
^       1.  The  mean  diurnal  heliocentric  motion. 
i       2.  The  sidereal  period. 

1  3.'  The  mean  distance  from  the  sun,  or  semi-axis  of  orbit,  that  of 

0  the  earth  being  unity. 

^       4.  The  excentricity  of  the  orbit. 

5  The  longitude  of  the  perihelion,  referred  to  the  mean  equinox 
li   of  the  respective  epochs. 
$       6.  The  mean  longitude  at  epoch. 
i       7.  The  longitude  of  the  ascending  node,  referred  to  the  mean 

1  equinox  of  the  respective  epochs. 

8.  The  inclination  of  the  planet's  orbit  to  the  plane  of  the 
I    ecliptic. 

I       9.  The  epoch  or  date  at  which  the  elements  of  the  orbits  have 
been  assigned. 

H  n% 
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PRINCIPAL  ELEMENTS  OF 

Tablb  I. 


Name  of  Planet. 


/ 


Mbbcuby    -  - 

Venus   -    -  - 

Earth  -    -  - 

Mab8     -    -  - 
Planetoids — 

Flora.   -    -  - 

Ariadnb     •  - 

Harmonia  -  • 

Melpomene  - 

Victoria    -  - 

Euterpe     -  - 

Vesta    -    -  - 

Urania-    -  - 

Nemausa    -  - 

Iris  -    -    -  - 

Metis    -    •  - 

Daphne      -  - 

Fhocea  -    -  - 

Massilia    -  - 

Nysa     -    -  - 

H£BE        -      -  - 

LUTETIA        -  - 

Isis  -     -     -  - 

FORTUNA      -  - 

Farthexope  - 

Thetis  -    -  - 
Hestia  ... 

AicPHiTRrrE  • 


Mean  diurnal 

heliocentric 

Motion. 


14732-419 
5767-668 

3548*193 
1886-518 

1086*331 
1085*063 
1039*253 
1020*036 

995-594 
986-926 

977*431 

975*420 

975*072 

962*511 

962*367 

954110 

954*104 

949*042 

940*078 

939*371 

933957 
930*943 

930*183 

923776 

910*914 

888*344 

869*346 


Sidereal  Period. 


dajrs. 
87*96926 

224*70079 

365*25637 

686*97965 

1193*007 
1194-401 
1247*049 
1270*542 
1301*736 
1313*168 
1325*925 
1328*658 
1329*132 

>  346-477 
1346*679 

1358-334 

1358-343 
1365*588 

1378-609 

1379*646 

1387*643 

1392*138 

1393*275 

1402*937 

1422*748 

1458*895 

1490*775 


Mean  distance 

from  Sun,  or 

Senii.axis~- 

(  Earth*!  dis. 

tancesi.) 


0-3870987 
0*7233322 

I'OOOOOOO 

1*523691 

2*201387 
2*203102 
2*267376 
2*295767 
2*333190 
2*346832 
2*362005 
'2*365244 
2*365817 
2*386349 
2*386586 
2*400325 
2*400352 
2*408873 
2*424163 
2*425370 

**434745 
2*439997 

2*441328 

2*452602 

2*475630 

2*5x7390 

2553936 


Excentridty 


0*2056179 
0*0068334 
0*0x67705 
0*0932616 

0*1567026 
0*1672850 
0*0462x05 
0*2x69839 
0*2204846 
o*X728x74 
0*08953x7 
0*1278724 
0*0661868 
0*2312433 
0*1229183 
0*2024882 
0*2544284 
0*1439628 

o»493340 
0*2011539 

o*x6i709i 

0*2256265 

0*1579378 

0-0985816 

0-1264394 

0*1615177 

0*0721793 


Loogitadeof 
Peribelian. 


75    7    0 
X29  23  56 

XOO  21   40 

333  17  50 

32  54  ti 

277  13  47 

I  13  »3 
15  13  15 

301  52  59 

87  46  39 
250  12  36 

31    5  4' 
174  49  4« 

41  *9  4> 
71  >5  54 

230  21  30 

302  56  43] 
98    5  5 

III  37  53 
15  II  3^ 

326  17   » 

317  59  49 
30  13  3* 
3x6  20  5> 
*59  57  »' 
354  19  44 
56  54*9 
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■an  Lon- 
itude  at 
.'Spoch. 

Longitude  of 

ascending 

Node. 

Inclination 
of  Orbit. 

Epoch. 

Mean  Solar 
Time  at 

Authority  for 
Elements. 

/      II 

0      /      '» 

0      /      // 

7   15  40 

46  33     3 

708 

1850  Jan. 

1*0 

Paris     ^ 

Annales  de 

5   33  H 

75  19    4 

3  *3  31 

>» 

rObservatoire 

»  46.36 

000 

000 

>» 

Imperial  de 

3   4?  51 

48  22  45 

I  51     5 

»». 

»»        ^ 

Paris.  Tome  II. 

^    48  3» 

no  17  49 

5  53     8 

1848  Jan. 

I'O 

Berlin. 

Briinnow. 

h      3  >5 

264  32  22 

3  *7  39 

1857  April 

17-0 

" 

Weiss. 

^    34    6 

93  3a  40 

4  15  46 

1856  June 

17-0 

)) 

Powalky. 

26  12 

150    4  17 

10    8  38 

i860  Jan. 

19-0 

Greenwich. 

Bruhns. 

21  27 

135  36  54 

8  23  10 

i860  Jan. 

19*0 

«» 

Briinnow. 

-    3*  59 

93  45  a4 

I  35  31 

i860  Oct 

7-0 

Berlin. 

Giinther. 

-     17  57 

103  23  13 

7     8     5 

I 861  Jan. 

25-0 

Greenwich. 

Nautical  Abn. 

►    47  15 

308  13  56 

262 

i860  Mar. 

10*0 

Berlin. 

Giinther. 

*    49  45 

175  39  II 

9  57    4 

1858  May 

0*0 

Washington. 

Saflfbrd. 

^   59  ^4 

259  47  16 

5  *7  57 

i860  Feb. 

90 

Berlin. 

Schubert 

i      2    4 

68  32  58 

5  35  57 

i860  Aug. 

15-5 

)) 

Wolfers. 

6.     28  49 

180     5  51 

15  48  23 

1856  Jnne 

0-5 

»» 

Pape. 

Ifc    55  55 

214    0  50 

21  34  44 

i860  Mar. 

ii-o 

>» 

■  Giinther. 

^   16  36 

206  43  50 

0  41     7 

i860  Dec 

21 'O 

>i 

Giinther. 

K     9  28 

131     I   17 

3  41  41 

1858  Jan. 

O'O 

)) 

Powalky. 

S     4  " 

138  36     6 

14  46  31 

1859  Sept. 

30*0 

>» 

Luther. 

^  M  33 

80  30  56 

3     5  ai 

i860  Jan. 

19-0 

Greenwich. 

Lesser. 

7  46  26 

84  30  44. 

8  34  32 

i860  Ja.n. 

I'O 

Berlin. 

Seeling. 

^  16  51 

211  25     0 

I  3*  34 

1858  Mar. 

6-0 

Greenwich. 

Powalky. 

8  43  ^4 

145     4  35 

4  36  59 

1859  Dec. 

4-0 

Berlin. 

Luther. 

6  45  31 

125  25     7 

5  35  " 

1858  April 

ii-o 

Greenwich. 

Schonfeld. 

8     7  10 

181  40  44 

2  17  II 

i860  Jan. 

i-o 

Berlin. 

Karlinski 

I  13  20 

356  27  ^7 

6    7  55 

i860  Nov. 
H  H  3 

13*0 

ii 

Gather. 
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Ta: 

Name  of  Planet. 

Mean  diurnal 

heliocentric 

Motion. 

Sidereal  Period. 

Mean  distance 

from  Sun,  or 

Semi-axis. — 

(Earth's  dis- 

tancesi.) 

Excentricity. 

Long] 
Perili 

EOKRIA.  -      -      - 

857705 

days. 
1511*010 

2-576998 

0*0878560 

0 
118 

ASTR^-A.        -      - 

857-315 

1511*696 

2*577772 

0*1862906 

135 

Pseudo-Daphne 

854-486 

1516-701 

2*583455 

0*2270196 

294 

Pomona      -    - 

852-862 

1519-520 

2*586736 

0*0819047 

193 

Irene    -    -    - 

851-495 

1522-029 

2*589504 

0-1652484 

179 

®  -  -  -  - 

843753 

1535*995 

2*605320 

0*1963169 

337  • 

Calypso     -    - 

837-370 

1547-703 

2-618542 

0*2067165 

92  : 

Thalia  -    -    - 

832-606 

1556-558 

2-628523 

0*23x8000 

123 

Fides     -    -    - 

826-175 

1568-675 

2-642147 

0*1748942 

66 

EUNOMIA     -      - 

825179 

1570-569 

2-644.273 

0*1873670 

27  • 

VmoiNiA    -    - 

823-017 

1574-695 

2-648901 

0*2871005 

10  J 

Proserpine     - 

820-086 

1580-323 

2-655210 

0*0871557 

234  i 

JXTNO       -     -     - 

8x3-093 

1593-914 

2*670412 

0*2555067 

54 

Concordia  -    - 

808-640 

1602-691 

2-680205 

005x6581 

116  2 

Circe     -    -    - 

805-239 

1609-460 

2687749 

0-1056229 

149  4 

Alexandra     - 

796-374 

1627-376 

2-707653 

0-1990068 

293  5 

Eugenia     -    - 

792785 

1634-744 

2*715819 

0-0817307 

228  5 

Leda     -    -    - 

782-322 

1656-819 

2739980 

0*1555246 

100  4 

Ataianta  -    - 

778-600 

1664-526 

2-748705 

0-2978979 

42  2 

Pandora    -    - 

773*897 

1674-640 

2-759829 

0-1420887 

XI  2 

Ceres    -    -    - 

771-495 

1679-855 

2765559 

0-0806435 

149  3' 

Pallas  -    -    - 

769-994 

1683-129 

2*769151 

0-2397621 

122  X 

LiRTITLA       -      - 

769-200 

1684-868 

2-771053 

0-1108137 

2    ' 

Bellona     -    - 

766-142 

1691-593 

2-778423 

0-1503981 

122  li 

Polyhymnia    - 

731*091 

1772-693 

2-866533 

0-3367392 

340  5 

AOLATA  -      -      - 

724-677 

1788-382 

2-883421 

0*1310x17 

3x4    ( 

Calliope    -    - 

714-956 

1812-700 

2909499 

0-1019582 

56  3. 

Psyche  -    -    - 

709-747 

1826*002 

2*923715 

0x346252 

13  i( 

Leucothea 

682-352 

1899-314 

3*001463 

0-21372x9 

200  4( 

I^ALES     -     -     - 

654-468 

1980-233 

3*086114 

0*2378601 

31  5c 
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7oniinued, 


■  Mean  Lon- 
V    gitude  at 
*-     Epoch. 

* 

Longitude  of 

ascending 

Node. 

Inclination 
of  Orbit. 

Epoch. 

Mean  Solar 
Time  at 

Authority  for 
Elements. 

"    0     f     tt 

Of" 

0     /      // 

128  24     4 

43  18  31 

16   31  47 

i860  Jan. 

30-0 

Berlin. 

Giinther. 

159  43   27 

141  26  16 

5  19     8 

1859  Mar. 

I'O 

Greenwich. 

D' Arrest 

330  53   38 

194  52  31 

7  56    2 

1857  Sept. 

13*0 

Berlin. 

Luther. 

22    37    31 

220  50  36 

5  *9    4 

1858  Oct 

80 

Greenwich. 

Lesser. 

'    63    39    50 

86  40  15 

9    7     5 

1857  Nov. 

S'o 

Berlin. 

Bruhns. 

■353  43  3* 

167     9  22 

6  35  55 

i860  Sept 

15*5 

Greenwich. 

Ellis. 

162  27  23 

144    4  19 

5     6  59 

1858  April 

8-5 

Berlin. 

Jiinsser. 

^  324  42  23 

67  38  36 

10  13     6 

i860  Jan. 

19*0 

Greenwich. 

Schubert 

'  4»  34  35 

8     9  37 

3     7  II 

1856  Jan. 

o*o 

Berlin. 

Kiimker. 

'247  19  27 

293  56  37 

II  43  38 

1859  June 

17-0 

Ghreenwich. 

Trettenero. 

128  57  45 

173  30    0 

*  47  45 

1859  Mar. 

1*0 

» 

StockwelL 

61  14  30 

45  55     3 

3  35  38 

i860  Feb. 

6*o 

91 

Oudemans. 

304  43  29 

170  58  59 

13     a  54 

i860  July 

5-0 

If 

Nautical  Aim. 

179  48  33 

162     3  25 

5  15  31 

i860  April 

lO'O 

Berlin. 

•     Bruhns. 

257  33  28 

184  48  45 

5  26  32 

i860  June 

17-0 

a 

Auwers. 

346  21  55 

313  50  18 

II  47     9 

1858  Dec. 

30*0 

It 

Schultz. 

^94  34  54 

148     5    0 

6  34  55 

1858  Jan. 

o*o 

ii 

Lowy. 

112  56  20 

296  27  35 

6  58  26 

1856  Jan. 

o-o 

yt 

A116. 

352  22    9 

359  "    9 

18  42  II 

i860  Jan. 

o-o 

it 

Forster. 

28  26  II 

10  57  29 

7  13  30 

1858  Dec. 

30*0 

>» 

MoUer. 

84  56  40 

80  50  36 

10  36  31 

i860  Dec. 

8-0 

Greenwich. 

Nautical  Aim. 

49  II  22 

172  39    0 

34  43  17 

i860  Oct 

90 

tt 

a 

146  43  50 

157  19  39 

10  21     0 

1856  Jan. 

i-o 

Berlin. 

MU, 

94    6  21 

144  38  58 

9  21  24 

1857  Dec. 

15*0 

)} 

Bruhns. 

28  39  55 

9  16  34 

I  56  41 

1859  I^6C. 

5*o 

ti 

Schubert 

83  49  37 

4  16  58 

500 

1859  Jan. 

5-0 

Washington. 

Saflford. 

224  46  27 

66  36  22 

13  45  a8 

i860  Jan. 

o-o 

Berlin. 

Homstein. 

314    0  13 

150  34  15 

3    4    4 

1859  J^y 

180 

)} 

Auwers. 

174  40  14 

355  55     8 

8  12  II 

i860  Mar. 

5'o 

11 

Schubert 

31  25    4 

290  29  29 

• 

3     8  30 

1858  Feb. 

23-0 

it 

Powalky. 

1 
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Table  I. 


Kama  of  Planet. 


EVBOPA  -      - 
DOBIS      -      - 

Themis  -    - 
Mnemosyne 
euphbosyne 
Htgeia.  -    - 
Dana£  -    - 

Jupiteb 
Satdbn  -    - 
Ubanus 

Neptune 


Mean  diurnal 

heliocentric 

Motion. 


649*824 
648-671 
636-327 
633-092 
632*803 
631*081 
? 

299*129 

120-455 

42*233 
21*558 


Sidereal  Period 


days. 
1994-385 
1997-931 

2036-689 

2047*096 

2048-030 

2053*619 

? 

4332-5848 
10759-2198 
30686*8208 

60116-880 


Mran  distance 
rrom  Sum,  or 
Semi-axis. — 
(Earth's  dis- 
tance si.) 


3 '1 00800 
3-104474 
3-144499 

3-155198 
3-156160 
3-161900 

? 

5-202798 

9-538852 

19*182639 

30-033862 


Excentricity. 


0*1015000 
.0*0758006 
0*1166996 
0*1061339 
0*2160134 
0*0977856 
? 

0*0482388 
0*0559956 

0*0465775 
0-0091740 


Longitude  of 
Perihelion. 


102     3  49 

77  37  46 
139     6    2 

53  24  36 

93  51    7 
231  45    I 

? 


II 

54  53 

90 

6   J2 

168 

16  45 

50 

16  39 

Since  tlie  chapter  devoted  to  a  description  of  the  planetoids  has 
been  passed  through  the  press,  three  more  of  these  interest- 
ing objects  have  been  added  to  the  known  members  of  the  solar 
system.  Their  discovery,  however,  has  been  so  recent  that  very 
little  information  of  their  movements  is  published,  but  it  will 
nevertheless  be  proper  here  to  make  a  record  of  all  the  bodies  com- 
posing the  planetary  system,  the  existence  of  which  is  confirmed 
up  to  the  latest  period  before  the  publication  of  this  volume ;  the 
following  accounts  must  therefore  be  considered  as  a  continuation 
of  the  paragraph  372,  the  latest  discovery  mentioned  in  Chap- 
ter XV.  being  that  of  Concordia.  The  recent  discoveries  are  as 
follows :  — 

Danae  @. — This  planet  was  discovered  by  M.  Goldschmidt  at 
Chatillon-sous-Bagneux,  near  Paris,  on  the  9th  of  September,  1 860, 
in  the  constellation  Aquarius,  near  the  star  44,384  of  Lalande's 
catalogue  of  stars.  M.  Goldschmidt  was  sufiering  from  illness  at 
the  time  of  this  discovery,  which  prevented  him  from  reobserving 
the  planet  before  the  evening  of  the  1 9th  of  September.  On  that 
day  he  was  enabled  to  make  a  complete  observation  in  right  ascen- 
sion and  declination,  but  his  delicate  state  of  health  would  not 
allow  him  to  continue  the  observations.  Other  astronomers  have 
however,  also  secured  good  determinations  of  the  position  of  the 
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JoiUtntted, 


'  Mean  Lon- 
.     gltnde  at 
■      Epoch. 

Longitude  of 

ascpnding 

Node. 

Inclination 
of  Orbit. 

Epoch. 

Mean  Solar 
Time  at 

Authority  for 
Elements. 

.136  22  10 

0     /     // 
129  57   37 

0     /     // 
7  ^4  41 

1858  Jan. 

O'O 

Berlin. 

Murmann. 

.16      2   28 

185   14     7 

6  29  43 

1858  Feb. 

3-0 

»» 

Powalky. 

193     6  30 

36   10     7 

0  48  56 

1859  April 

60 

Greenwich. 

Kriiger. 

28  50  43 

200    8  59 

15     4  31 

i860  Jan. 

I'O 

Berlin. 

Tiele. 

53  49  50 

31  25  23 

26  25  12 

1855  Jan. 

o-o 

11 

"Winnecke. 

57  "  as 

286  53     2 

3  47  a6 

1858  April 

I  I'O 

Greenwich. 

Zech. 

? 

? 

? 

z6o     I  20 

14  50  41 
a8  26  42 

98  54  20 

112  21  44 

73*  14  14 

1  18  40 

2  29  28 
0  46  30 

1850  Jan. 
it 
It 

I'O 

Paris. 

V 

Annales  de  T 

Observatoire 

Imperial  de 

Paris. 

334  36  30 

130    7  45 

I  47     I 

i> 

Berlin. 

Xowalski. 

planet,  which  has  received  the  name  of  Danae.  The  elements  of 
its  orbit  have  not  yet  been  computed.  The  magnitude  of  this  planet 
at  the  time  of  discovery  was  equal  to  that  of  a  star  of  the  eleventh. 
The  planets  discovered  by  M.  Goldschmidt  have  by  this  addition 
been  increased  to  thirteen. 

@. — During  the  night  of  the  1 2th  of  September,  1 860,  M.  Cha- 
comac,  of  the  Imperial  observatory  of  Paris,  discovered  a  new  planet 
in  the  constellation  Cetus,  forming  the  sixtieth  of  the  group  of 
planetoids.  After  comparing  it  with  a  neighbouring  star,  its 
identity  as  a  planet  was  soon  made  certain,  and  its  position  in  the 
heavens  determined.  In  brilliancy  it  appeared  as  a  star  of  the 
ninth  or  tenth  magnitude. 

The  planets  discovered  by.  M.  Chacomac  now  amount  to  six. 

The  provisional  elements  of  this  planet  inserted  in  Table  I.,  were 
computed  fix)m  observations  made  at  very  short  intervals ;  future 
calculations  will  probably  alter  several  of  the  numbers. 

®. — Intelligence  has  been  recently  received  from  the  United 
States  of  America,  announcing  the  discovery  by  Mr.  Ferguson  at 
Washington,  on  the  1 5th  of  September,  1 860,  of  another  of  these 
minute  planets.  It  shone  as  a  star  of  the  eleventh  magnitude. 
This  discovery  increases  the  number  of  known  planetoids  to  sixty- 
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from  western  to  eafltem  quadrature^  than  from  eastern  to  western 
quadrature. 

From  eastern  to  western  quadrature,  through  conjunction,  the 
apparent  motion  of  the  planet  is  direct,  because  both  its  own 
orbital  motion  and  that  of  the  earth  combine  to  render  it  sa 
From  western  quadrature,  as  the  planet  approaches  opposition,  the 
effect  of  the  earth's  motion  is  to  render  the  planet  retrograde, 
while  the  effect  of  its  own  motion  is  to  render  it  direct.  On 
leaving  quadmture  the  latter  effect  predominates,  and  the  apparent 
motion  is  direct ;  but  at  a  certain  elongation  before  arriving  at 
opposition,  the  effect  of  the  earth's  motion  increasing,  becomes 
equal  to  that  of  the  planet,  and,  neutralising  it,  renders  the  planet 
stationary ;  after  which,  the  effect  of  the  earth's  motion  predomi- 
nating, the  planet  becomes  retrograde,  and  continues  so  until  it 
acquires  an  equal  elongation  east,  when  it  again  becomes  stationary, 
and  is  afterwards  direct,  and  continues  so. 

784.  Apparent  motion  as  projected  on  tbe  ecliptlo. — ^Let 
k^fig.  106,  represent  the  place  of  a  superior  planet  when  moving 
from  its  western  quadrature  towards  conjunction,  its  apparent  motion 
being  then  direct.  Let  b  be  the  point  where  it  becomes  stationary 
after  its  eastern  quadrature ;  its  apparent  motion  then  becoming 
retrograde,  it  appears  to  return  upon  its  course  and  moves  westward 
to  c,  where  it  again  becomes  stationary ;  after  which  it  again  returns 
on  its  course  and  moves  direct  or  eastward,  and  continues  so  imtil 
it  arrives  at  a  certain  point  D,  after  its  western  quadrature,  when  it 
again  becomes  stationary,  and  then  again  retrogrades,  moving 
through  the  arc  D  E,  which  will  be  equal  to  b  c ;  after  which  it 
will  again  become  direct,  and  so  on. 

The  places  of  the  planet's  opposition  are  the  middle  points  of  the 
arcs  of  retrogression  B  c,  D  E,  F  o,  &c. ;  and  the  places  of  conjunction 
are  the  middle  points  of  the  arcs  of  progression  c  D,  E  p,  g  h,  &c. 

It  is  evident  from  the  preceding  explanation,  therefore,  that  the 
apparent  motion  of  a  superior  planet  projected  on  the  ecliptic  is  in 
all  respects  similar  to  that  of  an  inferior  planet,  the  difference 
being,  that  in  the  latter  the  middle  point  of  the  arc  of  retrogres- 
sion corresponds  to  inferior  conjunction,  while  in  the  former  it 
corresponds  to  opposition. 

It  will  be  apparent,  from  what  has  been  shown,  that  the  angle 
which  the  earth  gains  upon  the  planet  in  the  interval  between  its 
western  and  eastern  quadratures,  is  the  angle  which  the  earth's 
orbit  subtends  at  the  planet,  or  twice  the  annual  parallax  of  the 
planet  (165). 

Though  not  bearing  immediately  on  the  subject  of  this  paragraph, 
it  will  not  be  entirely  out  of  place  to  explain  here  the  daily  synodic 
motion  of  a  planet.    The  daily  synodic  motion  is  the  angle  by 
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K^e.PW 

U,.^«f...Su.. 

Mo«-D.Uo 

of™.E.«b, 

Or^. 

Lutl. 

u^. 

^dfuiTcU™^ 

^.■.•Jr^'^r 

CODiuncUon. 

Eqbma-    -    - 

166'13 

113-31 

144-81 

339-81 

149-81 

Abtr^a      -    - 

19051 

199-17 

144-39 

339-89 

.49-39 

PflHiroO-DiPHNB 

301-14 

1S9-71 

»4-5-43 

1+°-43 

150-43 

FONOSA         -      - 

165-87 

iiS-6. 

HS74 

340-74 

150-74 

laiNB    •    •    - 

ZE6-65 

105-35 

146-00 

341-00 

151-00 

@  —  - 

i96-,o 

193-91 

147-51 

34^-51 

.51-51 

Calypso     -    - 

3=0-1 3 

197'3+ 

148-76 

34376 

153-76 

Tau.iA-    -    - 

3D7-!9 

.9.-33 

149-71 

344--7" 

'547' 

Fmss    -    -    - 

194-03 

107-97 

151-00 

346-00 

.56-00 

EUNOMU      -      - 

198-19 

104-13 

151-11 

346-11 

,56-11 

ViEQINIA      -      - 

313-90 

17940 

151-65 

346-65 

.56-65 

174-13 

130-15 

151-14 

347-14 

157-14 

Jmro     -    -    - 

3'*5i 

1S8-87 

153-69 

343-69 

.58-69 

CONOOBDIA-      - 

167-77 

141-47 

154-61 

349-61 

iS9-fii 

CmcE    -    .    . 

i3i-i9 

J18-37 

=SS-33 

350-33 

.60-33 

AlekandbA      - 

30S-41 

106-04 

157-13 

351-13 

16113 

EUOENIA        .      . 

179-09 

136-91 

158-00 

353-0O 

163-00 

Leu*.     -    -    - 

300-78 

119-81 

160-30 

3SS'3° 

165-30 

Atalasta  -    ■ 

338-91 

'»1'34 

161-.3 

356-13 

,66-,  3 

Pakdoba    -    - 

,59-44 

114-91 

161-18 

357-iB 

.67-.8 

Cedes    -    ■    - 

183-91 

141-54 

i6i-73 

35773 

167-73 

Pai_las  -    -    - 

316-.4 

100-00 

163-07 

358-07 

168-07 

L^titia     -    . 

191-41 

134-oS 

163-15 

358-15 

.68-15 

Belloka    -    - 

303-63 

Z14-13 

163-95 

358-95 

.68-95 

Foi-THTIfllTA    - 

364-01 

180-61 

171-31 

367-31 

177-31 

309-30 

133-04 

173-91 

368-91 

.7S-91 

Caujopb   -    - 

J'HS« 

14811 

176-40 

37 '-4° 

18.-40 

Sataaa  -    -    - 

3'S-'4- 

140-36 

177-75 

371-75 

1S1-7S 

Lbcooihba      - 

346-07 

114-11 

185-14 

3!o.4 

190-14 
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Tablb  IL  Continued, 


Name  of  Planet. 

Diitanoe  from  Son. 

Mean  Distance  from  Earth. 

Greatest. 

Least. 

Mean. 

At  Superior 
C<Hij  unction. 

At  Opposite 

or  Inferior 

Conjunction. 

Pales    -    -    - 

362-93 

223*43 

293-18 

388-18 

198-18 

EUROPA  -     -     - 

3*4*44 

264*64 

*94*54 

389*54 

199*54 

DOBIS     -     -     - 

31729 

272*57 

294-93 

389-93 

199*93 

Thehis  -    -    - 

333*59 

263-87 

298-73 

393*73 

203-73 

Mnehostne    - 

331*54 

267*94 

*99*74 

39474 

204-74 

EUPHBOSTNB     - 

364*61 

235*07 

299-84 

394*84 

204-84 

Htoeta  -    -    - 

3*9*75 

271-01 

300-38 

395*38 

205*38 

JUHTEB        -      - 

518-11 

470*43 

494-27 

589*27 

399*27 

Satubn  -    -    - 

95693 

855*45 

906-19 

1001-19 

811-19 

URATnJS        -      - 

1907-24 

1737-46 

1822*35 

1917-35 

1727-35 

Nkptunb    -    - 

2879*40 

2827-04 

2853-22 

2948-22 

2758-22 

The  reader  is  reminded  that  the  distances  contained  in  this 
Table  are  computed  on  the  assumption  that  the  earth^s  mean 
distance  from  the  sun  is  exactly  95  millions  of  miles. 

A  general  impression  of  the  magnitudes  and  distances  of  the 
different  members  of  our  system  in  relation  to  one  another,  is  con- 
veyed to  the  mind  by  a  simple  illustration  described  by  Sir  John 
Herschel.  "  Choose  any  well  levelled  field  or  bowling  green.  On 
it  place  a  globe,  two  feet  in  diameter ;  this  will  represent  the  sun. 
Mercuiy  will  be  represented  by  a  grain  of  mustard  seed,  on  the 
circumference  of  a  circle  1 64  feet  in  diameter  for  its  orbit ;  Venus 
a  pea,  on  a  circle  284  feet  in  diameter ;  the  Earth  also  a  pea,  on  a 
circle  of  430  feet;  Mars  a  rather  large  pin's  head,  on  a  circle  of 
654  feet;  the  planetoids  as  grains  of  sand,  in  orbits  of  firom  ICK>0 
to  1 200  feet  J  Jupiter  a  moderate  sized  orange,  in  a  circle  nearly 
half  a  mile  across,  Saturn  a  small  orange,  on  a  circle  of  four-fifths 
of  a  mile;  Uranus  a  full -sized  cherry,  or  small  plum,  upon  the 
circumference  of  a  circle  more  than  a  mile  and  a  half,  and  Neptune 
a  good-sized  plum  on  a  circle  about  two  miles  and  a  half  in 
diameter.  As  to  getting  correct  notions  on  this  subject  by  draw- 
ing circles  on  paper  or  by  orreries,  it  is  out  of  the  question." 
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The  mass  and  density  of  Mercury  given  in  Table  IV.  is  on  the 
authority  of  M.  Encke.  There  is,  however,  considerable  uncer- 
tainty as  to  the  exact  value.  In  the  tables  published  by  the  French 
Bureau  des  Longitudes^  the  mass  is  assumed  to  be  ygyj^Tzy 

The  mass  of  Neptune  is  also  uncertain,  different  values  varying 
from  TT^TT  ^  TwhsTs  5  ^^  value  inserted  in  the  table  is  that  given 
by  Professor  Pierce. 

In  computing  the  numbers  in  Table  V.,  the  mean  distance 
of  the  earth  from  the  sun  has  been  assumed  to  be  exactly  95 
millions  of  miles,  which  is  sufficiently  accurate  for  the  exhibition 
of  the  relative  orbital  velocity  of  the  various  planets.  In  the 
table  giving  the  velocity  of  rotation  at  the  planet's  equator,  the 
mean  diameters  given  in  Table  III.  are  adopted,  though,  strictly 
speaking,  the  equatorial  diameter  would  be  more  correct.  Li 
Saturn,  however,  whose  ellipticity  is  equal  to  one-tenth  of  the 
major  axis,  it  has  been  considered  better  to  use  the  equatorial 

791.— TABLE 

SYNOPSIS  OF  THE  MOTION  OF  THE  ELLIPTIC 

WITHIN  THE 


MeanDistance 

from  Sun. 

Earth's  «■  I. 

Excra- 
tridty. 

Perihelion 

Distance. 

Earth's  at  I. 

Aphelion 

Distance. 

Earth  *8  s  i. 

Mean  Daily 
Motion. 

Name  of  Comet 

a 

e 

ax  (i-e) 

«X(l+f) 

A 

Encke  -    -    -    - 

2'2l8l 

0*8464 

0*3407 

4-0955 

II 
1074-1 

Blainpain  (1819) 

2*8490 

0*6867 

0*8926 

4*8054 

737*8 

Burckhardt  ( 1 766) 

2-9337 

0*8640 

0*3990 

5*4684 

706*1 

Clausen  (1743)    - 

3-0913 

0*7213 

0-8615 

5*3211 

652*8 

De  Vice     -    -    - 

3-1028 

0*6173 

1*1874 

5*0182 

648*8 

Winnecke  -    -    - 

31343 

07547 

0-7688 

5-4998 

639*4 

Brorsen     •    -    - 

3-1465 

07945 

0*6466 

5-6464 

6357 

Lexell  (1770)-    - 

3*1560 

0*7861 

0*6751 

5-6369 

632*8 

Pons(i8i9)   -    - 

3-1602 

07552 

0-7736 

5*5468 

631*6 

D' Arrest    -    - 

3*4618 

0*6609 

1*1739 

5*7497 

550*9 

Biela     -    - 

35308 

07563 

0*8605 

6-201 1 

534-« 

Faye    -    -    -    - 

3-8118 

0*5550 

1*6963 

5*9»73 

475-» 

Pigott(i783)-    - 

4*6496 

0*6784 

1*4953 

7-8039 

353*9 

Peters  (1846)      - 

6*3206 

07567 

1-5378 

11-1034 

221*9 
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diameter  as  determined  from  a  mean  of  the  remits  obtained  from 
direct  measurement  hj  MM.  Bessel,  StniTe^  and  Main. 

790.  The  Mook. 

Mean  distance  from  the  earth  59*96435  semi-diameters  of  earth. 

Mean  sidereal  revolution       -  27*    7^43"  n'*  5- 

Mean  tropical  reyolution       -  27      7  43      4*7. 

Mean  synodical  revolution    -  29    1 2  44      2*9. 
Mean    longitude   at   epoch; 

(180I;  Jan.  I.)     -  -  iig**  17'  8"-3. 

Mean  longitude  of  perigee; 

(180I;  Jan.  I.)    -  -266    10  7'5. 

Mean  longitude  of  ascending 

-  13    53    «77- 

-  5      8  47-9. 
0*0548442. 


node;(i8oi;  Jan.  i.) 
Inclination  of  orbit  - 
Excentricity  of  orbit 


VL 


COMETS,  WHOSE  ORBITS  ARE   CONTAINED 
ORBIT  OF  SATURN. 


Period  in 
Yean. 

Loneitiide  of 
Pcnbelloii. 

Longitude  of 

Ascending 

Node. 

Inclination 
of  Orbit. 

Mean  Time  of  Perilielion 

Diree- 

tionof 

Motion. 

p 

r 

9 

i 

Mean  Solar  Time  at 
Greenwich  or  Berlin. 

0/1/ 

0      /     // 

0      f     tf 

« 

h 

3-303 

157  57   30 

334  *8  34 

13    4  15 

1858  Oct  18 

12  B 

D 

4*809 

67   18  48 

77  13  57 

9     I  16 

1 819  Nov.  20 

6  G 

D 

5-015 

251   13     0 

74  "     0 

8     I  45 

1766  April  27 

0  G 

D 

5*435 

93  19  35 

86  54  29 

»  53  43 

1743   Jan.    8 

5G 

D 

5*469 

342  31  15 

63  49  31 

*  54  45 

1 844  Sept    2 

II  G 

D 

5*549 

275  38  52 

113  32  49 

10  48    4 

1858  May  30 

0  B 

D 

5*581 

116  28  24 

102  37  41 

30  57  51 

1846  Feb.  25 

8  G 

D 

5*607 

356  17  12 

131  59  »7 

I  34  28 

1770  Atig.  13 

13  G 

D 

5*6i8 

274  40  51 

113  10  46 

10  42  48 

1819  July  18 

22  G 

J) 

6441 

322  59  46 

148  27  20 

13  56  12 

1 851  July    8 

17  G 

J) 

6635 

109    8  21 

245  52  29 

12  33  17 

1852  Sept  28 

16  G 

D 

7*467 

49  49    5 

209  45  23 

II  21  37 

1858  Sept  12 

15  B 

J> 

10*025 

49  31  55 

55  »»    0 

47  43    0 

1783  Nov.  19 

13  G 

J) 

15*590 

239  49  51 

260  12  25 

13    2  14 

1846  June    i 

3G 

D 

1 1 
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792.  macrun  of  their  orbits. — Jnjig,  1 08,  the  orbits  of  these 
comets^  with  the  exception  of  that  discoyered  by  M.  Winnecke,  are 
brought  to  a  common  plane,  and  represented  roughly  only  in  tiieir 
proportions  and  relative  positions,  so  as  to  exhibit  to  the  eye  their 
several  ellipticities,  and  the  relative  directions  of  their  axes.* 
These  bodies  all  revolve  in  the  common  direction  of  the  planets. 

793.  Vlanetarj'  oluuraoter  of  their  orbits. — It  is  not  alomey 
however,  in  the  direction  of  their  motions,  that  the  orbits  of  these 
bodies  have  an  analogy  to  those  of  the  planets.  Their  inftliTiaii<>n«y 
with  one  exception,  are  within  the  limits  of  those  of  the  planets. 
Their  excentricities,  though  incomparably  greater  than  those  of  the 
planets,  are,  as  will  presentiy  appear,  incomparably  less  tliaa  tboee 
of  all  other  comets  yet  discovered.  Their  mean  distances  and 
periods  (with  the  exception  of  the  last  two  in  the  table)  aie  witibin 
the  limits  of  those  of  tiie  planetoids. 

The  comparison  of  the  numbers  given  in  Table  YL  wiUi  those 
which  are  given  in  the  table  of  tiie  elements  of  other  elliptie 
comets,  and  the  comparison  of  the  diagrams  of  their  orbits  witii 
those  of  others,  will  show  in  a  striking  manner  to  how  gieat  sa 
extent  the  orbits  of  this  group  of  comets  possess  the  planetaiy 
character.  Besides  moving  round  the  sun  in  tiie  common  dizectioi^ 
their  inclinations,  with  a  single  exception,  are  within  the  limits  of 
those  of  the  planets.  It  is  tine  that  their  excentricities  hscve  an 
order  of  magnitude  much  greater ;  but  on  the  other  hand,  thej  are 
incomparably  less  than  the  excentricities  of  all  other  periodic 
comets  yet  discovered.  Their  mean  distances  and  periods  plsoe 
them  in  direct  analogy  with  the  planetoids. 

Moderate  as  are  the  excentricities  as  compared  with  those  of 
other  comets,  they  are  sufficientiy  great  to  impart  a  decided  oral 
form  to  the  orbits,  and  to  produce  considerable  differences  between 
the  perihelion  and  aphelion  distances,  as  will  be  apparent  by  in- 
specting the  numbers  in  Table  YI.  It  appears  by  these  tliit 
while  the  perihelion  of  Encke*s  comet  lies  within  the  oibit  of 
Mercury,  its  aphelion  lies  outside  the  orbit  of  the  most  remote  of 
the  planetoids,  and  not  fax  within  that  of  Jupiter.  The  perihelion 
of  Biela's  comet,  in  like  manner,  lies  between  the  orbits  of  the  eszth 
and  Venus,  while  its  aphelion  lies  outside  that  of  Jupiter.  In  the 
case  of  Faye's  comet,  the  least  excentric  of  the  group,  the  perihelion 
lies  near  the  orbit  of  Mars,  and  the  aphelion  outside  that  of  Jupiter. 

It  must  be  remembered  that  the  elliptic  form  of  these  orbito  hst 
only  been  verified  by  observations  on  the  successive  retains  to 
perihelion  of  the  comets  of  Encke,  De  Yico,  Brorsen,  D' 

*  In  the  diagram,  to  prevent  confusion,  the  orbits  of  the  different 
are  indicated  by  dotted  or  broken  lines  of  different  kinds. 
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795.   Vlanetary  obaracters   are  near'y  efRaced  in  tbese 

orbits. — By  comparing  the  elements  given  in  Table  VII.,  and  the 
fonns  and  magnitudes  of  the  orbits  shown  in  the  diagram,  with 
those  of  the  first  group  of  elliptic  comets  given  in  Table  VI.,  and 
drawn  in  fig.  1 08,  it  will  be  perceived  that  the  planetary  charac- 
teristics, noticed  in  the  latter  groups,  are  nearly  effaced.  Five  of 
the  six  comets  composing  the  second  group,  revolve  in  the  common 
direction  of  the  planets,  and  this  is  the  only  planetary  character 
observable  among  them.  The  inclinations  are  no  longer  limited  to 
those  of  the  planetary  orbits,  and  range  from  18^  to  74°.  The 
ezcentricities  are  all  so  extreme,  that  the  arc  of  the  orbit  near 
perihelion  approximates  closely  to  the  parabolic  form,  and  finally, 
the  most  remarkable  body  of  the  group,  the  comet  of  Halley,  re- 
Volyes  in  a  direction  contrary  to  the  common  motion  of  the  planets. 

But  this  gn^up  of  comets  difiers  more  particularly  in  the  elongated 
oval  form  of  their  orbits,  from  those  of  the  planets,  and  even  &om 
those  of  the  nearer  group  of  comets.  While  their  perihelia  are  at 
distances  from  the  sun  between  those  of  Mars  and  Mercury,  their 
aphelia  are  from  two  to  five  hundred  millions  of  miles  outside  the 
orbit  of  Neptune.  For  example,  the  comet  of  Halley  in  perihelion 
is  at  a  distance  from  the  sun  less  than  that  of  Venus ;  but  at  its 
aphelion,  its  distance  exceeds  that  of  Neptune  by  a  space  greater 
than  the  distance  of  Jupiter  from  the  sun.  The  mean  angular 
motion  of  this  comet  is  nearly  the  same  as  that  of  Uranus,  but  its 
angular  motion  in  perihelion  is  three  times  that  of  Mercury,  while 
in  aphelion  it  amounts  to  little  more  than  a  half  that  of  Neptune. 

The  corresponding  variations  of  solar  light  and  heat,  and  of  the 
apparent  magnitude  and  motion  of  the  sun  as  seen  fr*om  the  comet, 
may  be  easily  inferred. 

Li  comets  of  great  excentriclty  and  long  period,  in  which  the 
elliptic  form  of  tiie  orbit  has  been  established,  the  periodicity  has 
not  yet  in  any  instance  been  certainly  established  by  observations 
made  upon  their  successive  returns  to  perihelion ;  notwithstanding 
this,  howeyer,  the  observations  made  upon  them  during  a  single 
peribelion  passage,  indicate  an  arc  of  their  orbit  which  exhibits  the 
elliptic  form  so  unequivocally,  as  to  supply  mathematicians  and 
computers  with  the  data  necessary  to  obtain,  with  more  or  less 
approximation,  the  value  of  the  excentriclty,  which,  combined  with 
the  perihelion  distance,  gives  the  form  and  magnitude  of  the 
comets  orbit. 

By  calculations  conducted  in  this  manner,  and  applied  to  the 
observations  made  on  various  comets  which  have  appeared  since 
the  latter  part  of  the  seventeenth  century,  the  elliptic  orbits  of 
between  twenty  and  thirty  of  these  bodies  have  been  computed. 

II  3 


486 


ASTRONOMY. 


796.— Tablb 

SYNOPSIS  OF  THE  MOTION  OF  THE  ELLIPTIC  COMETS, 

THAT  OF 


Name  of  Comet. 

MeanDiaUnct- 

Iroin  Sun. 

Earili'»«»i. 

Kxcen- 
tric.ty. 

PpHhfllon 
Diktance. 

Earth'cBi. 

Aphelion 

Distance. 

Earth'ftsi. 

Mean  Dailr 
Motion. 

a 

e 

«X(l-e) 

axit+e) 

k 

We8tphal(i852)  - 
Pons (1812)     -    - 
De  Vice  (1846)     - 
Gibers  (1815)  -    - 
Brorsen  (1847) 
HaUey    -    -    -    - 

16-6200 
17-0955 

17-5386 
17-6338 

177795 
17-9875 

0-9248 

o*9545 
0-9544 

0'93i2 

0*9726 

0-9674 

1-2510 
0-7771 
0-6631 
I-2129 
0-4879 
0-5866 

31-9700 
33-4140 
343510 

340550 
35*0710 
35-3660 

It 
52-4 

507 
48-4 

47-9 
47*3 
463 

797.  BUtributlon  of  tbe  eometary  orbits  In  space. — In 

reviewing  the  vast  mass  of  data  collected  by  the  labours  of  ob- 
serverS)  ancient  and  modem,  which  is  considered  sufficiently 
trustworthy  to  admit  of  classification,  it  is  natural  to  look  for 
some  evidence  of  a  prevalent  law  in  the  motions  of  these  bodies. 
The  absence  of  all  analogy  to  the  planetary  orbits,  except  in  the 
case  of  the  group  of  elliptic  comets  of  short  period,  has  been  already 
indicated ;  but  although  no  analogy  to  the  planetary  motions  may 
exist,  it  does  not  follow  that  the  cometary  motions  may  not  be 
governed  by  some  laws  of  their  own,  the  nature  and  character  of 
which  can  only  be  discovered  by  carefully  conducted  induction. 

798.  Relative  numbers  of  direct  and  retrograde  comets. — 
It  has  been  shown  that  of  the  twenty  comets  included  in  Tables  VI. 
and  YII.,  which  possess  in  the  most  marked  degree  the  planetaiy 
character,  one  only  is  retrograde. 

To  ascertain  whether  traces  of  the  same  law  are  discoverable  in 
the  other  classes  of  comets  having  elliptic  orbits  of  long  period  or 
parabolic  orbits,  it  is  necessary  to  examine  the  direction  of  those 
whose  orbits  have  been  computed.  Taking,  therefore,  203  comets 
of  which  the  direction  is  ascertained,  it  is  found  that  the  number 
of  those  having  direct  motion  is  1 04  and  those  having  retrograde 
motion  99.  It  must  therefore,  be  concluded  that,  notwithstanding 
the  considerable  number  of  comets  whose  motions  have  been  ob- 
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vn. 

WHOSE  MEAN  DISTANCES  ARE  NEARLY  EQUAL  TO 
URANUS. 


Period  in 
Yeari. 

Longitude  of 
Perihelion. 

Longitude  of 

Asceoding 

Node. 

Inclination  of 
Orbit. 

Mean  Time  of  Perihelion 
Pasiage. 

Direc- 
tion of 
Motion. 

p 

r 

f 

i 

Greenwich  Mean  Time. 

67770 

43  12  16 

346   13  25 

40  58   32 

1852  Oct         12 

b. 

»5 

D 

70'o68 

92  18  44 

253       I       2 

73  57     3 

1812  Sept       15 

8 

D 

73-250 

90  34  46 

77  35  36 

84  57  13 

1846  March      5 

H 

D 

74*050 

149     I  56 

83  28  34 

44  49  55 

1815  April     25 

23 

D 

74-970 

79  12  46 

309  48  49 

19     8  25 

1847  Sept        9 

13 

D 

76-680 

304  31  32 

55     9  59 

17  45     5 

1835  Nov.       15 

23 

B 

served^  no  general  trace  of  any  law  governing  the  direction  of 
motion  is  discoverable. 

799.  ZnclinatloB  of  tbe  orbits.—  There  are  evident  indications 
of  a  tendency  of  the  planes  of  the  cometaij  orbits  to  collect  roimd 
a  plane  whose  inclination  to  the  plane  of  the  ecliptic  is  45^;  or  if  a 
cone  be  imagined  to  be  formed  having  a  semi-angle  of  45^^  and  its 
axis  at  right  angles  to  the  plane  of  the  ecliptic^  the  planes  of  the 
cometaij  orbits  betray  a  tendency  to  take  the  position  of  tangent 
planes  to  the  surflEUie  of  such  a  cone. 

800.  Btatrlbutlon  of  tbe  points  of  perlbellon. — Considering 
how  much  the  visibility  of  a  comet  from  the  earth  depends  on  its 
perihelion  distance^  and  that  beyond  a  certain  limit  of  such  dis- 
tance a  comet  cannot  be  expected  to  be  seen  at  all;  it  cannot  be 
thought  that  the  laW;  if  any  such  there  be^  which  governs  the  dis- 
tribution of  the  points  of  perihelion  round  the  sun^  can  be  discovered 
with  any  degree  of  certainty.  Nevertheless  it  will  not  be  without 
interest  to  show  the  distribution  of  the  points  of  perihelion  of  the 
known  comets  in  relation  to  their  distances  from  the  sun. 

If  the  centre  of  the  sun  be  imagined  to  be  surroimded  by  spheres 
having  semi-diameters  increasing  successively  by  a  constant  incre- 
ment of  20  millions  of  miles^  the  number  out  of  every  hundred 
known  comets  whose  perihelia  lie  between  sphere  and  sphere^  will 

be  as  follows :  — 

114 
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Number  of  Perflida 

Within      20     miUions 8*65 

Between   20  and  40 1170 

40   ,,    60 20-30 

60    „    80 17-20 

80   ff  100     •        .        •        •         •         .  20-80 

100   ff  120 865 

120    „  140 455 

140    „  160 405 

160        ^;     180  .  .  •  .  •  .  2*00 

180        ff    220  •  •  •  •  •  ,  I*^^ 

220    ff  J^zo     .       .       •       •        ,         ,        0'55 

lOO'OO 


It  is  evident  that  the  small  proportion  of  the  perihelia  which  lie 
outside  the  sphere,  whose  radius  is  120  millions  of  miles,  must  be 
ascribed  to  the  fact  that  comets  moving  in  such  orbits  v^  mostly 
escape  observation;  but  it  may,  perhaps,  be  assumed  that  the 
comets  whose  perihelia  lie  within  a  sphere  through  the  earth's 
orbit  have  nearly  equal  chances  of  being  observed.  If  this  be 
assumed,  then  it  will  follow  that  the  numbers  of  such  comets  which 
have  been  observed  are  nearly  proportional  to  their  total  numbers^ 
and  therefore  that  the  numbers  within  this  limit  in  the  preceding 
table  do  actually  represent  approximately  the  distribution  of  the 
points  of  perihelia  round  the  sun. 

If  we  compare  then  the  number  of  perihelia  situate  between  the 
equidistant  spheres  indicated  in  the  preceding  table  with  the  cubical 
spaces  through  which  they  are  respectively  distributed,  we  shall 
obtain  an  approximate  estimate  of  the  density  of  their  distribution 
in  relation  to  the  distances  from  the  sun.  We  have  computed  the 
following  table  with  this  view.  In  the  second  colomn  is  given  the 
number  of  comets  per  cent,  whose  perihelia  are  included  between 
the  equidistant  spheres ;  in  the  third  column  the  numbers  express 
the  cubical  spaces  between  sphere  and  sphere,  the  volume  of  tho 
sphere  whose  radius  is  20  millions  of  miles,  being  the  cubical 
unit;  and  in  the  fourth  column  the  numbers  are  the  quotients  of 
those  in  the  second  divided  by  those  in  the  third,  and  therefore 
express  the  successive  densities  of  the  perihelia  between  sphere 
and  sphere. 
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0    t) 

20 

Number  of 
Perihelia. 

Cubical  Space. 

Density  of 
Perihelia. 

865 

I 

8-65 

20    „ 

40 

1 1 70 

7 

1-67 

40   ». 

60 

20*30 

19 

1*06 

60   „ 

80 

1 7 '20 

37 

o*47 

80  „ 

100 

20*80 

61 

o*34 

100   „ 

120 

8-65 

91 

009s 

It  is  evident  then;  that  the  density  of  the  perihelia  increases 
rapidlj  in  approaching  the  sun.  If  the  numbers  in  the  last  column 
of  the  table  be  compared  with  the  inverse  powers  of  the  distance^ 
it  will  be  found  that  this  increase  of  density  is  more  rapid  than  the 
inverse  distance^'  but  less  so  than  the  inverse  distance  squared. 
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A. 


Aberration  of  light,  137. 

Adams*  researches  on  .septune,  477. 

Aglaia.    See  Ftanetoidg. 

Airy,  Astronomer  KoyHl,  obserrations  of 
soliir  eclipse  of  1851,  517 ;  on  projection 
of  stars  on  moon's  disk,  551. 

Alexandra.    See  Ptanetairit, 

Almanac  (Nautical),  predicts  phenomena 
of  eclipses,  541. 

Altazimuth  in»crument  (Greenwich),  49. 

Altitude,  38,  97. 

Amphitnte.    Hve  Planetoid*, 

Angular  magnitude,  7. 

Anomaly,  285. 

Aphelion,  Z83.    See  Ptaneti, 

Apogee,  195, 

Apsides,  195,  285. 

Arago,  on  cuatiug  of  sun,  253. 

Arc,  linear  ami  angular  magnitude  of,  7s6. 

Ariadne.    Sf>e  Planetoidt. 

Asc**naion  (Riirhc),  31. 

AstrKH.    See  Planetoids, 

Astroraeter,  Herschel's,  668;  Lardner's, 
674. 

Astronomical  day,  141. 

Astronomical  instruments,  xi ;  transit,  23  ; 
mural  circle.  33  ;  equatorial,  43  ;  Sir  W. 
Herschel's  40-feet  reflector,  44  ^  1  he  Rosse 
telt'scopes,  45 ;  Oxford  heliometer.  46 ; 
Greenwich  cransit-circle,  47;  Pulkowa 
prime-vertical  instrument,  48;  Green- 
wich altazimuth,  49;  Northumberland 
equatorial,  50;  Greenwich  great  equa- 
torial. 51. 

Astronomy,  i ;  origin  of  name  of,  3. 

Atalanta.    See  Planetoidt, 

Atmosphere,  dimensions  of  earth's,  6a. ;  of 
nun,  241 ;  evidence  of  a  solar  atmosphere, 

5*5- 
Aziuiuth,  96k 

B. 

Baily's  beads,  513. 

Beer,  obsenratfons  and  chart  of  moon,  zii ; 
obtenrations  of  Venus,  340 ;  diagrams  of 
Venus,  341 ;  obserrations  of  Mars,  360. 

Bellona.    See  Planetoidt, 


Bessel,  researches  on  rings  of  Saturn,  438. 
Bond,  observations  on  Saturn,  439. 


C. 


Calliope.    See  Planetoidt, 

Calypso.    See  Planetoidt, 

Capocci,   observations   and  drawings   of 

spots  on  sun,  24$. 
Cardinal  points,  9$. 
Cassini,  observations  on  Venus,  339. 
Cavendish   experiment    tor   deiermining 

the  density  of  the  earth,  80. 
Centre,  equation  of,  751. 
Ceres.    See  Planetoidt, 
Circe.    See  Planetoidt. 
Circle,  division  of,  8  ;  of  declination,  30 ; 

hour,t6.;  mural,  33;  vertical,  93;  galactic, 

715. 

Civil  day,  141. 

Clock,  astronomical,  22. 

Clusters  and  nebulae,  721 ;  distribution  of, 
723  ;  constitution  of,  724;  nebular  hypo, 
thesis,  725  ;  forms,  apparent  and  real,  of 
clusterii,  726;  of  nebulae,  727;  double 
nebulse,  728 ;  planetary  nebulae,  729 ; 
annular  nebulae,  730;  spiral  nebulae.  731; 
number  of  nebulae,  732;  remarkHUle 
nebulae,  733  ;  large  and  irreguUr  nebulip, 
734;  rich  cluster  in  the  Centaur,  735; 
great  nebulae  in  Orion,  736;  great  ne- 
bulae in  Argo,  737 ;  magellaiiic  clouds, 
738. 

Coltimation,  line  of,  12, 26. 

Coma,  619. 

Comets,  554 ;  cometary  oibits,  55^ ;  motion 
of,  explained  by  gravitation,  550;  elliptic 
orbits,  558 ;  parabolic  orbits,  559 ;  hyper- 
bolic orbits,  560 ;  move  in  conic  sections, 
563 ;  hyperbolic  and  paralwlic  not 
periodic,  C65;  elliptic,  periodic  like 
planets,  5m;  manv  recorded,  lew  ob- 
served, 570;  classification  of  orbit«,  571 ; 
elliptic,  revolving  within  the  orbit  of 
Saturn,  572 ;  Encke's,  572;  indications  of 
resisting  medium,  573  ;  would  ultima  ely 
fall  into  the  sun,  575 ;  Biela's,  578 ;  reso- 
lution of  Biela's  comet  in^o  two,  580  i 
Faye's,  582 ;  De  Vico's,  584 ;  Brorsen's, 


(t(|  D'4rT»i'>,{a6;  Wlnuek*'!. jU ^ 

elliptic.  o(  174,.  rtii  or  17a,  jssi 
Ltull'i.  _j»9,  uilrili  ot  ljpl«e  »p. 
plied  to  LfibII'i,  raui  BlliD|ialn'i,  of 
1819-  iJM  i  fow-.of  1B19.  50i  KgWfl, 
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pLBlDid,  ISot:  frfffrct  af  the  pcrlurbln^ 
aalanorJuijterindSaluraanUjiller'i 
hM.w.  ,aa  ind  i7s8, 6all :  olcultilinii 
hi  itfs-6  *°9:  ^™;''j?f 


614;  Wutph^i 


>trteltf,6i6;  phfiioU 


nurkablapfiT^lcmL  phnHmi 

TUjDUI(tAfi,6l9,ftlCV-l^ 


id  SiKftli.  &(■  cJ  tr^.i  Durnbir 


matiiw  ot  lUliKic.  79>.  794- 

'•»*'■      _.         .  .  ,_. 
»;j  (  iuperiM  ind  Infirtar 


Oiphiis.    Sk  Flmeio-ili. 
Day.  ii.i1  iiiif  ulronaalu],  141. 

IHumMer.  S't'sim,li,nm,Pla-ra.*, 
Dliunce,  ot  inn,  t4s  1  of  moan,  iD^;  m 
ot  plwivl,  1S3.    ac*  AfdDii,  the  HP( 


EftTtli.  rocundit*.  lOrm,  and  1 
-     '-—    -    iMwiidaf, 

t-n.lljr.TBt 

jniit^  riperlmeiiU.  105 ; 


70  j  Hidu  and  d('n>llx.  7B I  diurnal  rota- 


^M.  i)9i  orbit,  [461  pwlhe- 

lloD  and  iplKltoii,  la ;  Tarialiuut  uf  Mm- 
BflHIUM.  ISO!  diig^i,  Ifl. 

(>ii(irr).(mipirtla1,{ol;  total.  Joii 

aniiiiiar.  fC4 4  vO^cu   of  panliax,  sob-, 
fludoiv  prodncad  bf  opai^ue  fllobe,  507 1 
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VctTiar,OoldKhinIdt.iindSecchioi;fI4. 


•ateHitn.  Jt7  <  oHulIallaii  ot  the  utH- 
lltei  by  tiM  planet,  (jai  tranelu  of  tb> 
ntalliui  oier  Ibe  pUiiM,  5401   noUaii     ' 
al  Itgbt  dlKOTflied.  awl  Iti  leloclty  ■»• 
tured.  hy  naaDi  oT  tbeu  scllpiei,  h^ 


Bquntor,  »le>tiii.  98 1  termtrlil.  no. 

Greenaiich  great,  ci. 
Equinox,  vernal  and  aulMmnal.  riS  i  pn- 


tloniofmauofitanvl 

Tlilbla.  TI41  galactic  1 
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741  calculaMan  ot  IbB  central  force  of 
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Le  V«TrieT.  nteirchci  on  Kcptunp,  477  -, 
abHrrUlcnil  of  wlM  ecUpaa  of  jSSo. 

LEUcatliei.    Sea  PtantUidt. 

Libratlon.  In  latitude,  199;  In  lonBitudfli 

Uaiic,  lolir,  iDoiion   oT,  dlKotend  tnil 


BmcMlstt  Vmiwi.'i^iciipii.u;  ob- 
Mrtattoni  of  Tnun.  })9i  oF  aitiim. 
MS  t  cbionrutooa  of  double  lUn  la 
dUcoTCT  ttclliiT  pvjtUu.  701 . 

HMtl*.    Sn  P/aiuioida. 

H'";<,n,  u- 


flSjl.JI*. 


Hreoi.. 


Infnior  planet,  ^tperer 


It  of  Mlu  fcUpa* 


Juplln.  ITD  ;  JotImi  ITltOB,  ITO 1  IJWlnil, 

)ga  (  diiunce,  181  ;  orMt.  |8i ;  orbital 
nladtT.  t»i  -,  no  teiiiible  phun,  fit  t 

jgj;  tutkmi  uid  retroftetilon.  ]%; 
nppvenl  and  real  dluDFlen,  -^  j  re- 

face  and  Tohime,  'jSo  |  Hlar  iSgbt  and 
heat,  wi    rotalloi,     and    dlrccflftii    ..1 

jm  ;'ttlM«iiPinpje*-ance  uf,  jjti  btlii; 

form,  4011  aatelllM,  4<q  i  phaiei,  4114; 

Avm  Jupiter,  406;  urUIi  0/  uiellkei, 
^7  i  ^^ir«nc  and  real  mBrniludefl^  4cS  ^ 


EtrlM-'a  lawi.  TO- 


tnoon^^    t       B   n,  100 ,  0  ptr    .  lor 


Han,  j6oi  leleicoplc  dnwJi^a  of 
Jupiter,  400. 

M^JISt3v,'3i,  fwlUoa  oE,  ji«i 
period.  MT  ;  dbtanee,  uS ;  eicentikdii, 
J4g;  orUI,  ){oi  diiialon  of  ajnodlc 
pe.wd.  jji  i  aHiawnl  uoiloii.  jji  j 
■tattoniai.d  lelroereaiioiii  353 1  ptiaiei, 
J54 ;  aTOareut  and  real  duuaeter,  355 ; 
■ular  light  and  heat,  ]56i[otiUon,  )}7i 
dan  and  ntgtali,  3]!;  naioni  and 
cUmatea,  |« i  obHr^ationior  Beerand 
Miidler.  )&;  areograpntc  cbaracur, 
361  {  taleacoplc  Hni  of,  j6l ;  polar 
anow,  fit  1  poidMe  latalUta,  36J. 

Mukelina't  Schehalllen  eipenmtat,  79. 

Unnua,  471 ;  of  Neptune,  4in. 
MaalllH.    UtePlanaoUi. 

H?i^^^  'see'^JMuliib. 
HercDrr.  period  of,  |ioi  dlftancft,  3rr  1 
gnauit  rlonfalion,  jllioililt,  iij;  ap- 


hcat,  310 1  alleged  d&coTarr 


d&COTOTJ  or  EM 


Vkroecape,  16,  IE- 

HnenoHDe.    SmFUk 
Honik,  lunar,  103. 


aram   or,  wnen   nanir 
Falfonnoi'dlik,i6iidlii« 


tncUi'iatfii'iKaxta,  ■X'llbnttoa'lu  la^ 
tMi»,I99tl«r---"-^  —   -■- 


lUapMBi. 
uiDD  Of  ap* 

['llbnttoalula^ 
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tjnoHe  period,  ao)  ;  maia  and  densitr, 
104;  no  air  upon,  105;  moonlight,  206; 
no  liquid*  on,  107;  duk,  tio;  surface, 
XI I ;  dptcriptionof  surfnce.xiz;  supposed 
influence  of,  on  weather,  zi5  ;  other  sup- 
posed lunar  influences,  zi6:  remarlu  00 
lunar  theory,  zi7 ;  conmaruon  of  lustre 
of  full  moon  with  sun,  071. 

Moonlight,  Z06. 

Mural  circle,  33* 

N. 

Nadir,  93. 

Nebulae.    See  Chutert. 

Nemausa.    See  PkmetoidM, 

Neptune,  discovery  of,  474;  researches  of 
Le  Verrler  and  Adams.  477;  its  actual 
discovery  by  Oalle  at  Berlin,  479;  its 
predicted  and  observed  places  in  near 
proximity,  480 ;  orbit,  481 ;  comparison 
of  the  effects  of  the  real  and  predicted 
planets,  483;  period,  485 ;  distance,  486 ; 
relative  orbits  of,  and  earth.  487;  appa- 
rent and  real  diameter,  488;  satellite, 
489 ;  mass  and  density,  490 ;  apparent 
magnitude  of  the  sun  at,  491;  suspected 
ring,  49Z. 

Nodes,  of  moon.  196 ;  retrogression,  196 ; 
ascending  and  descending,  of  planets,  293 ; 
line  of,  744;  longitude  of  ascending,  745. 

Noon,  141. 

Northumberland  equatorial,  50, 

Nucleus,  618.    See  ComeU, 

Nutation,  184. 

Nysa.    See  Planetoids. 


O. 


Occultation,  defined,  547;  by  the  moon, 
548 ;  longitude  determined  l^,  549 ;  in- 
dicates presence  or  absence  of  atmo- 
sphere, 550 ;  singular  visibility  of  a  star 
projected  on  moon's  disk  after  com- 
mencement of,  551 ;  suggested  applica- 
tion of  lunar  occultations  to  resolve 
double  stars,  55Z ;  by  Saturn's  rings,  553. 

Orbiul  velocities,  770. 


P. 


Pales.    See  Planetoids. 

Pallas.    See  Planetoids, 

Pandora.    See  Planetoids. 

Parallax,  i6z ;    diurnal,  163  ;   horlxoutal, 

164 ;  annual,  165 ;  of  stars,  16S ;  effects  of, 

in  eclipses,  506. 
Parthenope.    See  Planetoids. 
Pastorfr,observations  and  drawings  of  spots 

on  sun,  246,  Z47. 
Penumbra.    See  Eclipse. 
Perigee,  195. 
Perihelion,  Z83  ;  place  of,  186 ;  longitude 

of,  746. 
Period,  268.    See  the  several  Planets. 
Phases,  of  moon,  202 ;  of  a  planet,  282. 
Phocea.    See  Planetoids, 
Planet  (te)  or  Pseudo- Daphne.    See  Pta- 


netoids. 


Planetary  data,  739. 

Planetoids,  366 ;  discovery  of  Ceres,  367 ; 
of  Pallas,  268 ;  Olber*'  hypothesis  of  a 
fractured  planet,  369;  discovery  of  Juno, 
170  i  of  Vesta,  yji  \  of  the  other  plane- 


toids, 172;  decrease  In  briglitoeu  of 
successire  groups  of,  373 ;  duplicate  dis- 
coveries, 374;  arrangement  for  continued 
observations  of,  37c;  seal  of  discoverers, 
376 ;  force  of  gravity  on,  378. 

Planets,  primary  and  secondary,  264; 
planetau7  motions,  266 :  inferior  and  su- 
perior, 267 }  periods,  268  ;  synodic  mo- 
ticm,  269;  geocertric  aud  heliocentric 
motions,  270 ;  elongation,  Z7X ;  conjunc- 
tion, 273  ;  opposition,  274 ;  quadrature. 
275 ;  synodic  period,  270 ;  inferior  and 
superior  conjunction,  277 ;  direct  and 
retrograde  motion,  278;  visible  in  ab- 
sence of  Sim,  279;  morning  and  evening 
star,  280;  appearance  of  superior,  at 
various  elongations,  281 ;  phases.  282 ; 
perihelion,  aphelion,  mean  distance,  283 ; 
major  and  minor  axes  and  excentricity, 
284.;  apsides,  anomaly,  285:  place  of  peri- 
helion, 286 ;  inclination  of  orbits,  nodes, 
292 ;  sodiac,  294 ;  to  determine  real  dia- 
meters and  volumes,  295  ;  to  determine 
masses,  296 ;  of  Blars,  298 ;  of  Venus  and 
Mercury,  299;  of  the  moon,  300;  classi- 
fication in  groups,  306. 

Pointers,  660. 

Points,  cardinal,  95 ;  equinoctial,  127. 

Pole-star,  86. 

Polyhymnia     See  Planetoids. 

Pomona.    See  Planetoias. 

Precession  of  the  equinoxes,  174. 

Prime-vertical  iiutrument,  48  ,*  prime  ver- 
tical, 94. 

Proserpine.    See  Planetoids. 

Psyche.    See  Planetoids. 

Pyramids,  remarkable  circumstance  con- 
nected with,  183. 


Quadrature,  275. 


Rays,  solar,  259. 

Refraction,  atmospheric,  152  ;  law  of,  153 ; 
quantity  of,  154 ;  tables  ot,  15$  ;  effect  on 
objects  rising  and  setting,  157 ;  effect  of 
barometer  on,  158;  of  thermometer,  159; 
oval  form  of  disks  of  sun  and  moon  ex- 
plained by,  161. 

Rosse,  Earl  of,  telescopes  of,  4$ ;  observa- 
tions of  moon,  214;  of  clusters  and 
nebulse,  733. 

Ro'ation.  See  Planets^  Moots,  the  several 
Planets. 

Russell's  chart  of  moon,  211. 


S. 


Satellites,  to  determine  masses  of,  305.  See 
Earth,  Jupiter t  Saturn^  Uranus ^  Nep- 
tune ^  Planets. 

Saturn,  415 ;  Satumian  system,  ib.\  period, 
416  ;  distance,  417  ;  orbit,  418  ;  orliital 
motion,  419;  no  phases,  420;  stattooi 
and  retrogressions,  421 ;  apparent  and 
real  diameter.  422;  relative  magnitude  of, 
and  earih,  423;  diurnal  rotation,  4Mi 
inclination  of  axis  to  orbit,  4x5 ;  days 
and  nights,  year,  426:  belts  and  atmo- 
sphere, 427  ;  soiar  light  and  heat,  418 « 
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rinn,  m ;  position  of  Dodes  of  ring  and 
inclination  to  ecliptic,  430 ;  apparent  and 
real  dimensioni  of  rings,  4JI ;  thickness 
of  rings,  432;  Schmidt's  obsenrations 
and  drawings  of,  434 ;  Herschel's  obser- 
vations, 435 ;  supposed  multiplicity  of 
rings,  4t6;  ring  probably  triple,  obserra- 
tions  of  Lassell  and  Dawes,  437;  re- 
searches of  Bessely  438;  obscure  ring, 
^9 ;  drawing  of,  and  rin|^,  hi  1852, 440 ; 
mass  of  rings,  441 ;  stability  of  rings,  442; 
rotation  of  rings,  444;  excentricity  of 
rings,  44$ ;  satellites,  447 ;  their  dis- 
coveiy,  449 ;  their  distances  and  periods, 
450;  elongautions  and  relatire  distances, 
451 ;  phases  and  appearances  of  satellites, 
452 ;  magnitudes,  4LSZ  «  rotation  on  their 
axes,  455 ;  mass  01  baturn,  456;  density, 

457* 
Schmidt,  obserrationt  and  drawhigs  of 

Saturn,  434. 

Schwabe,  obsenraOoiis  of  spots  on  sun, 
250. 

Seasons.  129. 

Secchi,  obsenrations  of  the  solar  eclipse  of 
i860,  <24. 

Sidereal  time,  90, 142. 

Sights,  use  of,  10. 

Smyth  and  Maclear's  drawings  of  Halley's 
comet,  6ai. 

Solar  gravitation,  772. 

Solar  beat.    See  Planett,  Swu 

Solar  system,  261 ;  difficulties  presented 
by,  202;  arrangement  of  booies  com- 
posing the,  263;  planets,  264;  classifica- 
tion of  planets,  306. 

Solstice,  i|0. 

Sphere,  celestial,  99. 

Spots  on  the  sun,  ir39 ;  cause  of,  240;  may 
not  be  black,  242;  variable  in  number, 
243  ;  prevail  generally  in  two  parallel 
tones,  244 ;  observations  of  Capocci,  245 ; 
of  Pastorff,  246, 247 ;  of  Sir  J.  Herschel, 
248 ;  of  Schwabe,  250. 

Star,  pole,  86 :  morning  and  evening,  280, 
331 ;  singular  visibility  of,  after  com- 
mencement of  occultation,  551;  suggested 
application  of  lunar  occuftations  to  re- 
solve double  stars,  5^2. 

Stars  (fixed),  absence  of  sensible  parallax 
of,  16S;  Henderson's  discovery  of  paral- 
lax of  •  Centauri,  170 ;  parallax  of  a  few 
Stan  ascertained,  171;  orders  of  magni- 
tude, 657 ;  absence  of  disk  proved,  063  ; 
meaning  of  the  term  magnitude  as  ap- 
plied  to,  664 ;  classification  by  magnitudes 
arbitrary,  666;  Herschel's  astroroeter, 
668 }  comparative  lustre  of  «  Centauri 
with  fiiU  moon,  670 ;  comparison  of  the 
intrinsic  splendour  of  sun  and  fixed  star, 
673;  Lardner's  astrometer,  674;  astro- 
metric  table  of  190  principal,  075;  use 
of  telescope  in  stellar  observations,  676 ; 
telescopic  stars,  678 ;  stellar  nomencla- 
ture, CrrQ;  use  of  pointers,  660 ;  of  star 
maps,  661;  of  celestial  globe,  682;  proper 
motion  of,  708 ;  effisct  of  sun's  supposed 
motitm  on  apparent  places  of,  710 ;  mo- 
tion of  sun  inferred  from  proper  motion 
of,  711. 

Surs  (periodic,  temporary,  and  multiple), 
684;  variable,  68$;  table  of  periodic,  687; 
temporary,  689 ;  missing,  691 ;  double, 

g2 ;  researches  of  Sir  W.  and  Sir.  J. 
erschd,  692 ;  Struve's  classification  of 


double,  696 ;  selection  of  double,  697 ; 
coloured  double,  698;  triple  and  mul- 
tiple, 69Q;  attempts  10  discover  the  paral- 
lax by  oouble  stars.  700 ;  observations  of 
Sir  W.  Herschel,  701 ;  extension  of  law 
of  gravitation  (0,703;  orbit  of  star  around 
star,  704 ;  remarkable  case  of  7 Virginis, 
705  ;  magnitudes  of  stellar  orbits,  707. 

Stellar  clusters  and  nebulae,  721.  See 
Clusters. 

universe,  2. 

Struve's  drawings  of  Hallqr's  comet,  609, 
etseq. 

Sun,  oval  form  of  disk  near  rising  and 
setting,  161 ;  distance,  145  ;  effect  of  at- 
traction on  tides,  222 ;  apparent  and  real 
magnitude,  234;  surface  and  volume, 
236 ;  mass  and  density,  237 ;  form  and 
rotation,  238;  spots,  239;  atmo<pberes, 
241 ;  observations  by  Capocci,  245  ;  by 
Pastorff,  246,  2^7 ;  by  Sir  J.  Herschel. 
248 ;  by  Schwabe,  250 ;  coating  of,  252 ; 
test  proposed  by  Arago.  253  ;  rays,  calo- 
rific, 259 ;  probable  cause  of  solar  heat 
260;  diktance  determined  by  transit  of 
Venus, 546;  comparison  of  lustre  of,  with 
full  moon.  671 ;  of  light  with  •  Cen- 
tauri, 672 ;  or  intrinsic  splendour  of,  and 
fixed  star,  673  ;  not  a  fixed  centre,  709  ; 
effect  of  supposed  motion  on  places  of  the 
stars,  710  ;  velocitv  of  solar  n  otion,  712 ; 
probable  centre  of  solar  motion,  713. 

Superficial  gravity,  769. 

Superior  planet,  apparent  motion  of,  782  ; 
as  projected  on  the  ecliptic,  784. 

Surface.  See  the  several  Planets,  Sttn  and 
Planets, 

Synoptic  table  of  the  principal  elements  of 
the  planetary  system,  785. 


Telescope,  9, 11  ;  use  of,  in  stellar  obser- 
vations, 676. 

Thalia.    See  Planetoids. 

Themis.    See  Planetoids. 

Thetis.    See  Planetoids, 

Tides,  2x8 ;  lunar  influence,  219 ;  sun's  at- 
traction, 222 ;  spring  and  neap,  223 ; 
priming  and  lagging,  225  ;  researches  of 
Whewdl  and  Lubbock,  226 ;  diurnal  in- 
equality, 228 ;  local  effecta  of  land,  229  ; 
velocity  of  tidal  wave,  230 ;  range,  231 ; 
effect  of  atmosphere,  232. 

Time,  sidereal,  90,  142;  mean  solar,  or 
civil,  141, 144;  apparent  solar,  144;  equa- 
tion of.  144. 

Trade  winds,  233. 

Transit  instrument,  23. 

lYansit,  of  Jupiter's  satellites.  53$ ;  of  the 
inferior  planets,  C44:  conaitions,  $44; 
intervals,  54s ;  sun  s  distance  determined 
by,  of  Venus,  546.    See  Eclipse. 

Transit-circle,  Greenwich,  47. 

Tropics,  133. 

Twilight,  100,  344. 

U. 

Urania.    See  Planetoids. 

Uranus,  discovery  of, ^58 ;  period,  459 ;  he- 
liocentric motion,  461:  distance,  462;  or- 
bit, 463  ;  orbital  motion,  464 ;  apptirent 
and  real  diameter,  46s }  surface  and  vo- 
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luiBe,466;  diunial  rotation  and  phjrtlcal 
character  of  surface,  J67;  solar  light  and 
beat,  468:  suspected  rings,  469;  satellites, 
470;  inclination  of  their  orbits,  471;  their 
motion  and  phases,  47X;  mass  and  density 
of  Uranus,47|;  unexplained  disturbances 
in  motion,  475 ;  remarkable  anticipation 
of  the  discovery  of,  605. 


V. 


Vraus,  mass  ofL  099;  period,  314;  dis- 
tance, 325 ;  orbit,  izj ;  apparent  motion, 
328 ;  stations  ana  retrogression,  329 ; 
morning  and  erening  star,  331 ;  apparent 
diameter,  332  ;  real  diameter,  33i|.;  mass 
and  density  335  \  superficial  gravity,  336; 
solar  light  and  beat,  337 ;  rotation,  prob- 


able momitaint,  338:  obaervalioni  of 
Casslni,  Herscbel,  ana  Schrbter,  339 ;  of 
Beer  and  Madler,  340;  of  De  Vioo,  34X ; 
axis  of  rotation,  341;  twiHgfat,  344; 
form,  suspected  saitdlite,  345. 

Vernier,  15. 

Vertical  circles,  ^* 

Vertical,  prime,  04. 

Vesta.    Se^PltmetoUt. 

Vioo,  De,  obeenrationi  of  Venus,  34JU 

Victoria.    Sut  PlameMds, 

Virginia.    See  Plametoids. 

Volume.    See  Sum,  Moon,  and  Plmuiti 

Vulcan,  309. 

Z. 

Zenith,  84, 93  ;  distance,  38, 97. 
Zodiac,  131, 294;  signs  o^  132. 
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part  of  the  Puabi>o  ;  with  Notes  in  English  from  Stallbamn,  Schleiermacher's 
Introductions,  etc  Edited  by  Dr.  Wm.  Smith,  Editor  of  the  Dictionary  of  Cheek 
and  Roman  Antiquities,  &c.    Third  Edition.    12mo.    58.  doth. 


LATIN. 
New  liatln  Readlns  Book;    conslstlns  of  Short  Sentences, 

Easy  Narrations,  and  Descriptions,  selected  from  Caesar's  Galiic  War ;  in  Sys- 
tematic Progression.  With  a  Dictionary.    Third  Edition,  revised.    12mo.  28. 6d. 

Allen's  New  liatln  Delectus ;  belns  Sentences  for  Transla- 
tion firom  Latin  into  English,  and  English  into  Latin ;  arranged  in  a  systemirfic 
Progression.    Fonrth  Edition,  revised.    12mo.    4s.  cloth. 

The  liondon  liatln  Grammar:  Including  the  Eton  Syntax 

and  Prosody  in  English,  accompanied  with  Notes.  Sixteenth  Editiun.  12mo.  ls.6d. 

Robson's  ConstmctlTe   Latin   Exercises,   for  teaching  the 

Elements  of  the  Language  on  a  System  of  Analysis  and  Synthesis ;  with  Latin 
Beading  Lessons  and  Copious  Vocabularies.    Fourth  Edition.    12mo.    4s.  6d. 

Robson's   First  Latin   Reading   Lessons.    With    €omiHete 

Vocabularies.    Intended  as  an-Introduction  to  Caesar.    12mo.    28.  6d.  clotii. 

Smith's  Tacitus;    Germanla,  Agrlcola,  and  First  Book  of 

the  AMNALs.  With  English  Notes,  original  and  selected,  and  B5tticher*s  remarks 
on  the  style  of  Tacitus.  Edited  by  Dr.  Wm^t  Smith,  Editor  of  the  Dictionary  of 
Greek  and  Roman  Antiquities,  etc.   Third  Edition,  greatiy  improved.    12mo.  58. 

Caesar.   Clyll  War.   Book  1.    With  Enffllsh  N*tes  for  the 

Useof  Students  preparing  for  the  Cambridge  School  Exammation.  12mo.  ls.6d. 

Terence.     Andrla.     With  English  Notes,   Summaries,  and 

Life  of  Terence.  By  Newenhah  Tbavebs,  B.A.,  Assistant-Master  in  Umversity 
College  School.  Fcap.  8vo.   3s.  6d. 


HEBBEW. 

The  Englishman's  Hebrew  and  Chaldee  Concordance  of  the 

Old  Testament,  being  an  attempt  at  a  verbal  connexion  between  the  Original  and  tlie 
English  Translation,  with  Indexes,  a  List  of  Proper  Names,  and  their  occorrenoes. 
Second  Edition,  revised.    2  Volumes,  Royal  8vo.    £3  13s.  6d.  doth. 

Hurwltz's   Grammar    of  the  Hebrew   Language.      FourA 

Edition.  8vo.  13s.  cloth.  Or  in  Two  Parts,  sold  separately  :—£i.siucicts.  48. 6d. 
cloth.    Ettmoloot  and  Stmtax.    98.  cloth. 


FBENCH. 
Blerlet'B  French  Grammar.    By  P.  F.  IHerlet.  Professor  sf 

French  in  University  College,  London.  New  Edition.  12mo.  58.  6d.  taud. 
Or  sold  in  Two  Parts  — P&onunciation  and  Accioencb,  ds.  6d.;  Sthtax  Sb.  ti- 
(Key,  3s.  6d.)  * 

IHerlet's  Le  Traducteur;    Selections.  Hlstorlc^al,  Dramatie^ 

and  Miscellaneous,  from  the  best  Fbench  Wbitebs,  on  a  plan  fulTrnlatiwP  <* 
render  reading  and  translation  peculiarly  serviceable  in  acquiring  the  French  U** 
guage;  Explanatory  Notes,  a  Selection  of  Idioms,  etc.    14th  Edit    limo.  8a  ti 

Xerlet's  Exercises  on  French  Composition.    Consiatinc  tf 

Extracts  from  English  Authors  to  be  turned  htto  French ;  with  Notes  indlSttaC 
the  Diifierences  in  Style  between  the  two  Languages.  A  List  of  IdkmaiWlIk 
Explanations,  Mercantile  Terms  and  Correspondence,  Essays,  etc.     ISmo.    3B.  C^ 

Herlet's    French    Synonymes,    explained    In    AlnhaMticii 

Order.    Copious  Examples.   12mo.  2s.  6d.  «-«•••«•■ 

LMerlet's  Apersu  de  la  Lltterature  Fransalse.   IXmo.  Stf.  Si* 
Herlet's    Stories    from    French   Writers;    in  French  aai 
EnglishlnterMMxCfromMerlet's  "Traducteur").  Second  Edition.  ISito.  is. 


I 


WALTON   AND   MABERLY. 


ITALIAN. 
Smltli's  First  Itallmn  Course:  belns  a  Practical  and  Easy 

Method  of  Learning  the  Elements  of  the  Italian  Language.    Edited  flrom  the 
German  of  Filippi,  after  the  method  of  Dr.  Ahn.    12mo.    38. 6d.  doth. 


nrXEBIiIKEAB  TRANSLATIONS. 

liOcke's    System    of     Classical    Instruction.       Interlinear 

TsAKSLATiONa.    Is.  6d.  each. 


Latin. 
Phaedma's  Fables  of  JBsop. 
VirgU's  .finefd.    Book  I. 
Caesar's  Inrasion  of  Britain. 

Cfreei. 
Lnclan's  Dialogues.    Selections. 
Homer's  Iliad.    Book  I. 
Xenophou's  Memorabilia.    Book  I. 
Herodotos's  Histories.    Selections. 


French. 

Sismondi;   the   Battles  of   Gressy  and 
Poictiers. 

Oerman. 

Stories  ft-om  German  Writers. 

Also,  to  tueompany  tM  Latin  and  Greei 

Seriet. 
The  London  Latin  Grammar.  I2mo.  ls.6d. 
The  London  Greek  Grammar.  12mo.  Is.6d. 


HISTORY,  ICTTHOLOGY,  AND  ANTIQUITIES. 
Creasy's  (Professor)  History  of  England.  With  Illustrations. 

One  Yolome.  Small  8yo.  Uniform  with  Schmita's  **  History  of  Rome,"  and  Smith's 
"  History  of  Greece."    (Preparing). 

Sctamltz's  History  of  Rome,  from  the  Earliest  Times  to  the 

Death  of  Comhodds,  a.d.  192.    Ninth  Edition.     100  Engravings.    12mo.    78.  6d. 

Smith's  Smaller  History  of  Rome,      ffltli  19  Illustrations. 

Fcap.  8yo.    8s.  6d.  cloth. 

Smith's  History  of  Greece,  from  the  Earliest  Times  to  the 

Roman  Conquest.    New  Edition.    100  Engravings.    Large  12mo.    7s.  6d. 

Smith's  Smaller  History  of  Greece.      With   Illustrations. 

Fcp.  8yo.    8s.  6d.  doth. 

Smith's  Dictionary  of  the  Bible.   By  yarlous  Writers.  With 

Illastrationa.    TwoVolumea.  Medium  Svo.    Volume  1.    jS2  2s, 

Smith's  Dictionary  of  Greek  and  Roman  Antiquities.    By 

rarions  Writers.    Second.  Edition.    Xllnstrated  by  Several  Hundred  Engravings 
on  Wood.    One  thick  volume,  medium  8vo.    £2  28.  cloth. 

Smith's  Smaller  Dictionary  of  Greek  and  Roman  Antlqul- 

ties.    Abridged  firom  the  larger  Dictionary.    New  Edition.    Crown  Svo.    7s.  6d. 

Smith's  Dictionary  of  Greek  and  Roman  Biography  and 

Mytludogy.    By  vurious  Writers.    Medium  Svo.    Illustrated  by  numerous  En- 
gravings on  Wood.    Complete  in  Three  Volumes.    Svo.    £5  ISs.  6d.  cloth. 

Smith's  Classical  Dictionary  of  Biography,  Mythologry*  and 

Geography.   Partly  based  on  the  **  Dictionary  of  Greek  and  Roman  Biography  and 
Myttiology.**    Fifth  Edition.    750  Dlustrations.    Svo.    ISs.  cloth. 

Smith's  Smaller  Classical  Dictionary  of  Biography,  My- 
thology, and  Geography.  Abridged  from,  the  larger  Dictionary.  Illustrated  by 
200  Engravings  on  Wood.    New  Edition.    Crown  Svo.    7s.  6d.  cloth. 

Smith's  Dictionary  of  Greek  and  Roman  Geonraphy.    By 

Tarious  Writers.    Illustrated  with  Woodcuts  of  CoiBs,  Plans  of  Cities,  etc.    Two 
Volumes  Svo.    £A.  cloth. 


WORKS  PUBLISHED  BY 


IVIebatar'8  Histoir  of  Rome.     From  the  Barllest  Tbnesto 

the  First  Panic  War.    Fonrth  Editioii.    Translated  by  Bishop  Thiblwau.,  Aecb- 
OSACOM  Hake,  Ds.  Smith,  and  Db.  Schmitz.    Three  Vols.  8yo.    £1  IGs. 

Nlebulir's  liectures  on  the  History  of  Rome.      From  the 

Earliest  Times  to  the  First  Panic  War.    Edited  by  Dr.  Schkitz.    Third  Jidttion. 
8to.    88. 

Newman   (F.W.)     The   Odes  of  Horace.     Translated  Inte 

Unrhymed  Metres,  with  Introdaction  and  Notes.    Crown  8vo.    5s.  cloth. 

Newman   (F.'W.)     The   Iliad  of  Homer.   Falthfiilly   trans- 
lated into  Unrhymed  Metre.    1  vol.  crown  Svo.    68.  6d.  doth. 

Akerman's  If umlsmatie  Bfanual,  or  Guide  to  the  €ollectioa 

and  Stady  of  Greek,  Roman,  and  English  Coins.    Many  Engravings.  8to.  £1  Is. 

Ran&sa7's(SirGeorse)  Principles  Of  Psyeholoffy.  8to.  ].Os.0d. 


PUEE  MATHEMATICS. 

De  Morgan's  Klements  of  Arithmetic. 

Seventeenth  Thonsand.  Royal  12mo.    58.  cloth. 

De  Morgan's  Trtgronometry  and  Double  Algebra. 

Royal  12mo.    7s.  6d.  cloth. 

Ellenberger's  Course  of  Arithmetic,  as  taught  in  the  Pes- 

talozzian  School,  Worksop.    Post  8vo.    5s.  cloth. 
*»*  The  Antwtrt  to  the  Qnnuiiaiu  tn  thi*  VoIuim  are  now  readff,  priu  It,  6d, 

mason's  First  Book   of  Euclid.     Explained  to    Besinners. 

Fcap.  8vo.  Is.  9d. 

Reiner's  l^essons  on  Form ;     or.  An  Introduction  to  Qf^ 

metry,  as  given  in  a  Pestalozzian  School,  Cheam,  Surrey.    12mo.    at.  6cL 

Reiner's  licssons  on  Number,  as  glTcn  in  a  Pestalozzian 

School,  Cheam,  Surrey.    Master's  Manual,  5s.    Scholar's  Praxis,  2s. 

Tables    of    £<ogarithms  Common   and  Trigonometrical  te 

Five  Places.    Under  tfte  Superintendence  of  the  Sodetp  for  the  J^iff^teion  ^  Uatfei 
Knowledge.    Fcap.  8vo.  l8.6d. 

Barlow's  Table  of  Siiuares,   Cubes,   Square   Roots,    Cube 

Roots,  and  Reciprocals  of  all  Integer  Numbers,  up  to  10,000.    Royal  Itmo.   8s. 


MIXED  MATHEMATICS. 
Potter's    Treatise    on    Mechanics,    for  Junior   IJniTersitf 

Students.    By  Richard  Potteb,  M.A.,  I^ofessor  of  Natural   Philosophy  ii 
University  College,  London.    Fourth  Edition.    8vo.    8s.  6d. 

Potter's  Treatise   on   Optics.     Part   I.     All  the   regulsite 

Propoidtions  carried  to  First  Approximations,  with  the  construction  or  Optical 
Instruments,  for  Junior  University  Students.    Second  Edition.    8yo.    98. 8d. 


Potter's  Treatise  on  Optics.     Part  II.    The  Hinrlier  «.«- 

positions,  with  their  application  to  the  more  perfect  forms  of  Instruments.   8to. 
12s.  6d. 

Potter's  Physical  Optics;    or,  the  Nature  and  Pronertiesef 

Light.    A  Descriptive  and  Experimental  Treatise.  100  lUustrationa.  Stq.  €«.  W. 


WALTON  AND  MABERLT. 


NewtM's   MattaemaUeal  Bxamplea.      A  irradaated  series  of 

Elementary  Examples,  in  Arithmetic,  Algebra,  Logarithms,  Trigonometry,  and 
Meclianics.    Crown  Sto.    With  Answers.   8s.  6d.  cloth.  , 

Sold  also  in  separate  Parts,  teithout  Answers  .*— 

Arithmetie,  Ss.  6d.  I     Trigonometry  and  Logarithms,  2s.  6d. 

Algebra,  Ss.  6d.  |     Mechanics,  2s.  6d. 

Newtli's   Elements  of    Meehmiiics,  iacludlnir   Hyilrostatles* 

with  numerous  Examples.    By  Samuxl  Nswth,  M.A.,  Fellow  of  University  Col- 
lege, London.    Third  Editlou.    Bevised  and  Enlarged.    Small  8vo.    8s.  6d.  doth. 

Newtli's  First  Book  of  Natural  Plillosopliy;  or  an  Intro- 
duction to  the  Study  of  Statics,  Dynamics,  Hydrostatics,  and  Optics,  with  numer- 
ous Examples.    12mo.   te.  %A.  cloth. 


NATURAL  FHILOSOFHY,  ASTBONOMT,  Etc. 

lArdner's  Museum  of  Science  and  Art.     Complete  in  12 

Single  Volumes,  18s.,  omamantal  boards ;  or  6  Double  Ones,  £\  Is.,  d.  lettered. 

*«*  Also,  fiemdsom^  haff-bovnd  merooco,  6  vokunes,  £1  lis.  6d. 

CoNTKMTS :— The  Planets ;  are  they  inhabited  Worlds  ?    Weather  Frognostlca.    Po- 

{ular  Fallacies  in  Questions  of  Physical  Science.  Latitudes  and  Longitudes.  Lunar 
nfloences.  Meteoric  Stones  and  Shooting  Stars.  Railway  Accidents.  Light.  Com- 
mon Things.— Air.  Locomotion  in  the  United  States.  Comeiary  Influences.  Common 
Things.— Water.    The  Potter's  Art.    Common  Things. —Fire.    Locomotion  and  Trans- 

E>rt^  their  Influence  and  Progress.  The  Moon.  Common  Things.— The  Earth.  The 
iectric  Telegraph.  Terrestrial  Heat.  The  Sun.  Earthquakes  and  Volcanoes.  Baro- 
meter, Safety  Lamp,  and  Whitwcurth's  Micrometric  Apparatus.  Steam.  The  Steam 
Engine.  The  Eye.  Tlie  Atmosphere.  Time.  Common  Things.'— Pumps.  Common 
Things.— Spectacles— The  Kaleidoscope.  Clocks  and  Watches.  Microscopic  Drawing 
and  Engraving.  The  Locomotive.  Thermometer.  New  Planets. — Leverrier  and  Adams's 
Planet.  Magnitude  and  Minuteness.  Common  Things. — ^The  Almanack.  Optical 
Images.  How  to  Observe  the  Heavens.  Comonon  Things.— The  Looking  Glass.  Stellar 
Universe.  The  Tides.  Colour.  Common  Things.— Man.  Mi^cniiying  Glasses.  In- 
stinct and  Intelligence.  The  Solar  Microscope.  The  Camera  Lucida.  The  Magic 
Lantern.  The  Camera  Obscura.  The  Microscope.  The  White  Ants ;  their  Manners 
and  Habits.  The  Surface  of  the  Earth,  or  First  Notions  of  Geography.  Science  and 
Poetry.  The  Bee.  Steam  Navigation.  Electro-Motive  Power.  Thunder,  Lightning, 
and  the  Aurora  Borealis.  The  Printing-Press.  The  Crust  of  the  Earth.  Comets. 
The  Stereoscope.    The  Pre-Adamite  Earth.    Eclipses.    Sound. 

lArdner'B  Animal  Physics,  or  tMe  Body  and  its  Functions 

familiarly  Explained.    620  Illustrations.    1  vol.,  smaU  8vo.    12s.  6d.  cloth. 

I^ardner's 

firom  the  " 

Ijardner's  Hand-Book  of  Meclianics. 

357  Illustrations,    i  voL,  small  8vo.,  6s. 

I^ardner's   Hand-Book   of  Hydrostatics,   Pneumatics,  and 

Heat.   292  Illustrations.    1  vol.,  small  8vo.,  6s. 

liardner'*  Hand-Book  of  Optics. 

290  Illustratious.    1  voL ,  small  8vo.,  6s. 

I^ardner's    Hand-Book    of    Electricity,    Mainietism,    and 

Acoustics.    396  Illustrations.    1  vol.,  small  8vo.  6s. 

liardner's  Hand-Book  of  Astronomy. 

Second  Edition.    Revised  and  brought  down  to  the  present  time.    35  Platea  and 
105  Illustrations  on  Wood.    Complete  in  1  vol.,  small  8vo.,  78.  6d. 

liardner's  Natural  Philosophy  for  Schools. 

328  Illustrations.    Third  Edition.    1  vol.,  large  12mo.,  as.  6d.  doth. 

liardner's  Chemistry  for  Schools. 

170  Illustrations.    1  vol.,  large  12mo.    8s.  6d.  cloth. 


Animal  Physiologry  for   Schools   (chiefly  taken 

Animal  Physics").    190  Illustrations.    12mo.    38.  6d.  cloth. 


WORKS   PUBLISHED   BY 


dosnary  of  Sdentllle  Terms  for  General  Use.   By  Alexander 

Henrt,  M.D.    Small  8to.,  3s.  6d. 

Pletorlal  Illostratlons  of  Science  and  Art.   liarse  Printed 

Sheets,  each  containing  irom  50  to  100  Engraved  Figures. 


Part  I.    l8.  6d. 
1.  Mechanic  Powers. 
3.  Machinery. 
8.  Watch  and  Clock  Work. 


Part  m.    Is.  6d. 

7.  Hydrostatics. 

8.  Hydranlies. 

9.  Pneumaties. 


Part  n.    Is.  6d. 

4.  Elements  of  Machinery. 

5.  Motion  and  Force. 

6.  Steam  Engine. 

I^ardner'a    Popular    Geolosjr.      (From    *'T]ie    Mosenm  of 

Science  and  Art.")    201  Illustrations.    2s.  6d. 

liardner's      Common     Ttalnn     Explained.       Containing ; 

Alr-Earth—Fhre— Water— Thne—TfiiB  Almanacl— Clocks  and  Watches— Spee- 
tacles— Colour— Kaleidoscope— Pumps— Man— The  Eye— The  Printing  Press— 
The  Potter's  Art— Locomotion  and  Transport— The  Sorfoce  of  tiie  Earth,  «r  Fitat 
Notions  of  Geography.  (From  "The  Museum  of  Sdcnceand  Art.*')  With 233 
Illustrations.    Complete,  58.,  clothl  ettered. 

*«*  Sold  alto  in  Two  Seriett  2s.  6d.  each. 

I^ardner's  Pop«ilar  Physics.    Containing :   Magnitude   and 

Minuteness— Atmosphere— Thunder  and  Lightning— Terrestrial  Heat— Meteoric 
Stones — Popular  Failades— Weather  Prognostics — Thermometer — Barometer- 
Safety  Lamp  —  Whitworth's  Micrometric  Apparatus  —  Electro-Motire  Power  — 
Sound — Magic  Lantern— Camera  Obscura— Camera  Lucida — Looking  Glass — Ste- 
reoscope -Science  and  Poetry.  (From  **  The  Museum  of  Science  and  Art")  With 
85  Illustrations.    2s.  6d.  cloth  lettered. 

liardner's    Popular    Astronomy.       Containing:      How    to 

Observe  the  Heavens— Latitudes  and  Lon^tudes— The  Earth— The  Sun— The 
Moon— The  Planets:  are  they  Inhabited?— The  New  Planets— Leverrier  and 
Adams's  Planet— The  Tides— Lunar  Influences— and  the  Stellar  Universe — ^I48^t 
—Comets— Cometary  Influences — ^Eclipses— Terrestrial  Rotation  —  Lunar  Rota- 
tion—Astronomical Instruments.  (From  **The  Museum  of  Science  and  Art.**) 
182  Illustrations.    Complete,  4s.  6d.  cloth  lettered. 

*«*  Sold  aUo  in  Two  Serie*,  2s.  6d.  and  2s.  each. 

I^ardner    on    the    Microscope.      (From  "The   Museunoi  of 

Science  and  Art.")    I  vol.    147  Engravings.    2s. 

liardner    on    the   Bee   and  White   Ants ;     their    Manners 

and  Habits;  with  Illustrations  of  Animal  Instinct  and  Intelligence.  (From  **  The 
Museum  of  Science  and  Art.")  I  vol.  135  Illustrations.  2s.,  cloth  lettered. 

liardner  on   Steam   and  Its   Uses;    Including  the   Steam 

Engine  and  Locomotive,  and  Steam  Navigation.  (From  **  The  Museum  of  Science 
and  Art.")    I  vol.,  with  89  Illustrations.    2s. 

liardner  on  the    Electric  Telegraph,   Popularised,     l^lth 

100  Illustrations.  (From  "The  Museum  of  Science  and  Art.")  12mo.,  250  pages. 
28..  cloth  lettered. 

•^*  The  following  Works  from  "  Lardner's  Museum  of  Science  and  Art"  nunf 
also  be  had  arranged  as  described,  handsomely  hd^  bound  moroceo,  cloth  sides. 

Common  Things.    Two  series  in  one  vol 7s.  6d. 

Popular  Astronomy.    Two  series  in  one  vol 7s.  Od. 

Electric  Telegraph,  with  Steam  and  its  Uses.    In  one  vol.    .  7s.  Od. 

Microscope  and  Popular  Piiysics.    In  one  vol 7s.  Od. 

Popular  Geology,  and  Bee  and  White  Ants.    In  one  vol.     .  7s.  6d. 

A   Guide  to  the   Stars  for  every  Night  In  the  Tear.     In 

Eight  Planispheres.    With  an  Introduction.    8vo.    5s.,  cloth. 

Mlnasl's    Mechanical    Diagrams.       For  the    Use   of    liCC* 

turers  and  Schools.  15  Sheets  of  Diagrams,  coloured,  158.,  illustrating  the  follow^ 
ing  subjects:  1  and  2.  Composition  of  Forces.— 3.  Equilibrium.— 4  and  5.  LeTers. 
—6.  Steelyard,  Brady  Balance,  and  Danish  Balance. — 7.  Wheel  and  Axle.— 8. 
Inclined  Plane.— 9,  10,  II.  Pulleys.— 12.  Hunter's  Screw.— 18  and  14.  Toothed 
Wheels. — 15.  Combination  of  the  Mechanical  Powers. 


WALTON  AND   MABERLY. 


LOGIC. 
De  Blorsan's  Ftormal  liO^tc;  or,  the  Calculus  of  Inference, 

Necessary  and  Probable.    8to.    6s.  6d. 

De  Morsran's  Syllabus  of  a  Proposed  System  of  liOtric.  8vo.  is. 

Nell's  Art  of    Reasoningr:    a   Popular    Exposition  of   the 

Principles  of  Logic,  Inductive  and  Deductive;  with  an  Introductory  Outline  of 
the  History  of  Logic,  and  an  Appendix  on  recent  Logical  Developments,  vith 
Notes.    Crown  8vo.    4s.  6d.,  cloth. 


ENGLISH  COMPOSITION. 


Nell's   Elements  of    Rhetoric;    a  Manual  of  the  Liaws  of 

Taste,  including  the  Theory  and  Practice  of  Composition.  Crown  8vo.  4s.  6d.,  d. 


DBAWING. 

lilneal  Drawlngr  Copies  for  the  earliest  Instruction.  Com- 
prising upwards  of  200  subjects  on  24  sheets,  mounted  on  12  pieces  of  thick  paste- 
board, in  a  Portfolio.    By  the  Author  of  **  Drawing  fen*  Young  Children."  68. 6d. 

Easy  Drawlnir  Copies  for  Elementary  Instruction.      Simple 

Outlines  without  Perspective.     67  sutjects,  in  a  Portfolio.    By  the  Author  of 
••  Drawing  for  Young  Children.**  6s.  6d. 

Sold  also  in  Two  Sets. 
Set  I.   Twenty-six  Subjects  mounted  on  thick  pasteboard,  in  a  Portfolio.    38. 6d. 
Set  II.  Forty-one  Subjects  qiounted  on  thick  pasteboard,  in  a  Portfolio.    8s.  6d. 
The  copies  are  snfBciently  large  and  bold  to  be  drawn  from  by  forty  or  fifty  children 

at  the  same  time. 


SINGING. 

A  Musical  Gift  from  an  Old  Friend,  oontalnluflr  Twenty- 
four  New  Songs  for  the  Young.  By  W.  E.  Hicksok,  author  of  the  Moral  Songs  of 
"The  Singing  Master.**    8vo.    28. 6d. 

The  Slnslnir  Master.     Containing  First  liCssons  In  Slnslnir, 

and  the  Notation  of  Music;  Rudiments  of  the  Science  of  Harmony;  The  First 
Class  Tune  Book;  The  Second  Class  Tune  Bookt  and  tlie  Hymn  Tone  Book. 
Sixth  Edition.    8vo.  6s.,  cloth  lettered. 

Sold  cUso  in  Five  Farts,  any  of  uhich  may  be  had  separately, 

I.— First  liCssons   In  Slnvlnir  and  the  Notation  of  Music. 

Contidning  Nineteen  Lessons  in  the  Notation  and  Art  of  Reading  Music,  as  adapted 
for  the  Instruction  of  Children,  and  especially  for  Class  Teaddng,  with  Sixteen 
Vocal  Exercises,  arranged  as  simple  two-part  harmonies.    8vo.    Is.,  sewed. 

II.— Rudiments  of  the  Science  of  Harmony  or  Thorouirh 

Bass.  Contahiing  a  general  view  of  the  principles  of  Musical  Composition,  the 
Nature  of  Chords  and  Discords,  mode  of  applying  them,  and  an  Explanation  of 
Musical  Terms  connected  with  this  branch  of  Science.    8vo.  Is.,  sewed. 

III.— The   First  Class  Tune  Book.     A  Selection  of  Thirty 

Single  and  Pleasing  Airs,  arranged  with  suitable  words  for  young  children.  8to. 
Is.,  sewed. 

lY.— The  Second  Class  Tune  Book.     A  Selection  of  Vocal 

Music  adapted  for  youth  of  different  ages,  and  arranged  (with  suitable  words)  as 
two  or  thre<B-part  harmonies.    8yo,  Is.  M* 

y.— The     Hymn    Tune    Book.        A    Selection    of    Serenty 

popular  Hymn  and  Psalm  Tunes,  arranged  with  a  riew  of  facilitatiag  the  progress 
of  Children  learning  to  shig  in  parts.  8to.  Is.  6d. 

%•  The  Vocal  Exercises,  Moral  Songs,  and  Hymns,  with  the  Music,  may  al80  be  had, 
printed  on  Cards,  price  Twopence  each  Card,  or  Twenty-five  for  Three  Shillings. 


8    WORKS  PUBLISHED  BY  WALTON  AND  MABEBLT. 

CHEMISTRT. 

Creffory's    Hand-Book    of    CMemlstry.        For  tMe   use  of 

Students.  Fourth  Edition,  revised  and  enlarged.  Engrarings  <m  Wood.  Com- 
plete in  One  Volume.    Large  l2mo.    ISs.  cloth. 

*»*    Also  in  two  VolunuMt  separatdjf  as  under, 

Inoroavic  CncMisTRT.    68.  6d.  cloth. 
Organic  Chkmistrt.    I Ss.,  cloth. 

Chemistry  for  iichools.     By  Dr.   liardner.      I90  lUiutnu 

tions.    Large  12mo.    3s.  6d.  doth. 

lilebiar's  Familiar  Letters    on   CMemlstir*  in  Its  Relatioas 

to  Fliysiology,  Dietetics,  Agricoltare,  Commerce,  and  Political  Economy.  Fonrtii 
Edition,  revised  and  enlarged,  with  additional  Letters.  Edited  by  Dr.  Bltth. 
Small  8vo.    7s.  6d.  cloth. 

Llebls*s   Letters  on   Modem  Asrlealtare.    Small  8to.  68. 

LleblfT's  Principles  of  AirHcnltnral  Chemistry ;  with  Special 

Iteference  to  the  late  Researches  made  in  England.    Small  8vo.    Sa.  6d.,  doth. 

Llehis's  Chemistry  In  Its  Applications  to  A^rlcnltare  and 

Physiology.    Fourth  Edition,  revlsea.    8vo.    68.  6d.,  cloth. 

Lle1ii«*s   Hand-Book  of  Organic   Analysis;     containing  a 

detailed  Aeeoont  of  the  various  Methods  used  in  detennining  the  Elementary 
Compotltion  of  Organic  Substances.  Illustrated  by  86  Woodcuts.  ISmo.  5fl.,doth. 

Bnnsen's  Gasometry;  comprising  the  Leading  Physical  and 

Chemical  Properties  of  Gases,  together  with  the  Methods  of  Gas  Analysis.  Fifty- 
nine  Illustrations.    8vo.    8s.  6d.,  cloth. 

Wdhler's  Hand-Book  of  Inorganic  Analysis ;  One  Hundred 

and  Twenty-two  Examples,  illustrating  the  most  important  processes  fbr  deter- 
mining the  Elementary  composition  of  Mineral  substances.  Edited  by  Dr.  A.  W. 
HoFMANM,  Professor  in  the  Royal  College  of  Chemtotry.    Large  12mo.,  3b.  6d. 

Pamell  on  Hyelng  and  Calico  Printing.    (Reprinted  from 

Pamell's  "  Applied  Chemistry  in  Manufactures,  Arts,  and  Domestic  Economy, 
1844.")     With  Illustrations.  8vo.  7s.,  doth. 


GENEBAL    LITERATUBE. 

De   morgan's    Book  of    Almanacs.       With    an   Index    of 

Reference  by  whidi  the  Almanac  may  be  found  for  every  Year,  whether  in  Old 
Style  or  New,  trom  any  Epoch,  Andent  or  Modem,  up  to  a.d.  8000.  With  means 
of  finding  the  Day  of  New  or  Full  Moon,  firom  b.c.  2000  to  aj>.  2000.  6e.,  doth 
lettered. 

Guesses   at  Trnth.       By  Two   Brothers.       New    Bdltlon. 

With  an  Index.  Complete  in  1  vd.  Small  8vo.  Handtomdy  bound  in  dotli 
with  red  edges.    IDs.  6d. 

Rndall's  Memoir  of  the  Ker.  James  Crabb ;  late  of  Sonth- 

amptoo.    With  Portrait.    Lazge  ISmo.,  6s.,  doth. 

Herschell    (R.H.)       The  Jews:     a  brief  Sketch  of  their 

Present  Slite  and  Fotnre  ExpectatlonB.   Fcap.  8vo.  Is.  6d.,  doth. 
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